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SQUEEZE TYPE 


Polyethylene WASH BOTTLES 


WASHING BOTTLES, Squeeze Type, Polyethylene. Of 
chemically resistant pure polyethylene, flexible, tough, 
lightweight and practically unbreakable. Squeezing pro- 
duces a steady, controllable stream or a few drops, as de- 
sired, with delivery stopped instantly when pressure is re- 
leased. 

This formulation is inert to distilled water, buffered, 
acidic or alkaline wash solutions and is not significantly 
attacked by corrosive solutions such as concentrated Hy- 
drogen Peroxide, but is not recommended for use above 
70° C or for volatile organic solvents. 

Both screw cap and delivery tube are of polyethylene. 
Delivery tube has carefully formed tip and screw cap has 
a small vent to prevent dripping caused by_overpressure 
resulting from rise in room temperature. 


9823-E. Washing Bottles, Squeeze Type, Polyethylene, as above 
described, complete with vented screw cap and delivery 


tube. 

Capacity, ounces ........ a 8 16 

Diameter of bottle, inches. 1% 2% 3 

9823-F. Fitiow, only, of f ot ethylene, consisting of vented screw cap and bent 

delivery tube. For conversion of stock polyethylene bottles into 

Washing Bottles. 

GR, 4 8 or 16 

24 28 

5.60 5.60 


10% discount from “dozen” price in assortments of 144 or more. 


UNBREAK ABLE 
e LIGHTWEIGHT 


FLEXIBLE 


CHEMICALLY RESISTANT 
VENTED TO PREVENT 


DRIPPING 


FITTINGS SOLD SEPARATELY 


9823-F. 
Method of Packaging. 


ARTHUR H. THOMAS COMPANY 
LABORATORY APPARATUS AND REAGENTS 
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gnd announcing 
anew book! 


Krueger’s Principles of Microbiology 


This new book for introductory courses in general microbiology or 
bacteriology, accurately brings the basic principles, concepts and 
viewpoints of the subject into sharp, clear focus. In a refreshing 
style of writing, the author covers the field of microbiology without 
placing particular emphasis on any special branch of the subject, 
and keeps discussions abreast of all modern developments. 


The text is divided into nine parts. Parts 1 to 3 cover the 
biology of bacteria—the latter part discussing enzymes and their role in microbial activities: 
the nutrition and respiration of microorganisms; environmental factors affecting their growth: 
and bacterial heredity and variability. After these divisions have been studied, the sequence of 
treatment may be altered at the discretion of the instructor to suit his own plan of presentation. 


Part 4 explains microbiologic techniques and methods—laboratory study and culti- 
vation of microorganisms, inhibition and destruction of microorganisms by chemical and 
physical means, and chemotherapeutic agents. The remainder of the book deals with 
applied microbiology—soils, fermentations, foods, water and sewage, pathogens and plant 
pathology. 


Every effort has been made to provide the necessary background material to aid the student 
in future studies. There are helpful study questions at the end of each chapter, and 143 superb 
illustrations. These illustrations—photographs, photomicrographs and line drawings— increase 
the book’s usefulness and further clarify the student’s understanding of the subject matter. 


By Water W. Kruecer, Department of Biology, Grand Rapids Junior College. 649 pages, 6” x 8”, 143 illus- 
trations. New!—Ready in April. 


W. B. SAUNDERS COMPANY 
West Washington Square Philadelphia 5 
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Welch TRANSMISSION DENSITOMETER for 
QUANTITATIVE PAPER CHROMATOGRAPHY 


combines the DENSICHRON 
© | 
j 
| with Transmission Light Source Pr 
tec! 
len 
con 
| vid 
tha 
DENSITY 
READINGS | g fre 
the 
gal 
50 
tio 
110V A.C. SWITCH Ye 
A VOLUME tec 
FILTERS CONTROL 
LAMP RHEOSTAT: FOCUS CONTROL RANGE SWITCH 
nit 
an 
The special Welch Transmission light source with a filter paper guide for holding and advancing the te 
papergram at 3 mm increments, when used with the Densichron becomes a a transmission densitometer du 
for quantitative paper chromatography. The quantitative analysis of compl pounds such as PROTEINS, al 
SUGARS, VITAMINS, etc., has been simplified by reading maximum densities of papergrams with the DEN- A 
SICHRON. p 
This new apparatus and procedure will speed up your work and permit the onalysis of very small samples. rg 
Works equally well for quantitative paper electrophoresis. fa 
This instrument was demonstrated last September at the Instrument Show in Cleveland and the Chemical oi 
Exposition in Chicago. s] 
Write for literature describing the production of papergrams and the use of the Densichron for quanti- po 
tative determination by the maximum density method. tl 
No. 38358 $425.00 
DIVISION OF. WwW. M. WELCH MANUFACTURING ‘COMPANY 


SEDGWICK STREET, DEPT.E “CHICAGO 10, ILLINOIS, 
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| Punched-Card Bibliography 
of Infrared Spectra 


NE of the newer developments in the field of 

O chemistry is the widespread application of the 

techniques of infrared spectroscopy to chemical prob- 

lems. Not only are the infrared spectra of chemical 

compounds useful analytical tools, but they also pro- 
| vide important information on the molecular forees 
that determine chemical properties. 

With the rapid growth of information on the in- 
frared absorption of chemical compounds, workers in 
the field have been faced with the problem of quickly 
gaining access to the results obtained by others. About 
500 papers a year are now being added to the already 
large supply of available literature on the subject. 
In general, this literature is widely scattered, because 
papers dealing with instrumental advances, ealeula- 
tion of structure, techniques of sample handling, and 
analytical procedures- appear in separate journals. 
Yet, because of its incidental application as a special 
technique in many fields, the presence of infrared in 
a publication often fails to be indicated in any index. 

Moreover, each laboratory that uses infrared tech- 
niques requires a large library of infrared spectra as 
an aid in qualitative identification and empirical de- 
termination of structure. This has caused a vast 
duplication of effort, particularly in the collection 
and purification of the chemical compounds involved. 
And, once the data have been obtained, the charts 
produced by automatic recording spectrometers are 
so large as to require special indexing and storage 
facilities. 

To meet these problems, a comprehensive punched- 
card catalogue of all available data on the infrared 
spectra of organie and inorganic compounds is being 
set up by the National Bureau of Standards under 
the sponsorship of the National Research Council's 
Committee on Spectral Absorption Data. The ecard 
catalogue not only fills the pressing need for a gen- 
eral reference library of infrared spectra but also 
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provides a survey of the literature on each compound, 
abstracts of the papers covered, and other useful 
data. By means of the punched cards, the reported 
spectra of many compounds can be quickly found, 
the more important chemical linkages associated with 
a given spectral line can be determined, the work of 
any given author ean be quickly assembled, and the 
properties of a compound that will aid in its identi- 
fication can be located without loss of time. 

The use of punched cards as an indexing medium 
has several advantages. In addition to an enormous 
capacity for storing data, they are well adapted to 
cross-indexing. Two kinds of cards are available: the 
machine-sorted and the edge-punched, hand-sorted 
type. Each of these may be used to supplement the 
other. Thus, a set of edge-punched cards may serve 
as a small “working file” containing all the spectra 
normally encountered in a given laboratory; this file 
ean be kept close at hand and readily sorted with a 
needle. On the other hand, a larger “reference file” 
of the more unusual compounds ean be more easily 
handled—especially if it is voluminous—by using ma- 
chine-sorted cards of the type recently designed by 
L. E. Kuentzel, of Wyandotte Chemicals Corporation. 

A bibliography of between 9000 and 10,000 infrared 
references has been contributed by the National Bu- 
reau of Standards and is being kept eurrent with the 
aid of a group of volunteer abstracters. A search of ap- 
proximately half these references has yielded a file of 
about 7500 compounds. As infrared spectra are con- 
tributed by cooperating laboratories, the applicable 
literature references accumulated to date are tabu- 
lated on the cards, which are then printed, slotted, 
and sold at cost. (Detailed instructions for ordering 
may be obtained from the National Bureau of Stand- 
ards, Washington 25, D. C.) Efforts are now being 
made to extend the present coverage to the visible 
and ultraviolet regions, as well as to the infrared. 


E. Carrou. Creirz 
NRC Committee on Spectral Absorption Data 
National Bureau of Standards 


SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at the Business Press, 10 McGovern 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
©) Lancaster, Pa., January 13, 1948, under the Act of March 3, 1879. Arccept- 
ance for mailing at the special rate postage provided for in the Act of February 
28, 1925, embodied in Paragraph (d-2) Section 34.40 P. L. & R. of 1948. 

All correspondence should. be sent to SCIENCE, 1515 Massachusetts Ave., 
N.W., Washington 5, D. C. The AAAS assumes no responsibility for the safety 
of manuscripts or for the opinions expressed by contributors. Four weeks’ notice 
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issue must be furnished. Claims for a missing number will be allowed only if 
received within 60 days from date of issue. 

Annual subscriptions, $7.50; single copies, $.25; foreign postage, outside the 
Pan-American Union, $1.00; Canadian postage, $.50. Special rates to members 
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A READY REFERENCE 
PRICE LIST 
That Will Save Time for You 7 
Use this catalog as a‘‘one stop” source of — 
supplies required in biological and microbio- SPECIAL 
logical h PRODUCTS 
ogical research. jn 
It lists Amino Acids, Vitamins, Carbohydrates, RESEARCH . 
Adenylates, Nucleates, Purines, Pyrimidines, cacrenmossent 
Tetrazolium Salts, Enzymes, Microbiological sean act 
and Bacteriological Media, Complete Animal qs 
Test Diets and Ingredients, and a wide range Write for Your a 
of Biochemicals for Investigational Use. Copy TODAY 0 Yo 
GENERAL BIOCHEMICALS, INC. ! 
® 60 LABORATORY PARK . CHAGRIN FALLS, OHIO 
surpr’ 
in fa 
Servi 
Trade-Mork full. 
A New Item! | (Mass Spectrometer Checked) re 
The RECO RARE GASES ‘1 
DESALTER 
An Electrolytic Desalter + NEON ARGON KRYPTON - XENON you 
sal from biologica’ Sto 
Preparations to be us ed LINDE Rare Gases ore mass spectrometer checked to 
alysis. _ [assure you gases of known purity and uniformly high SIM 
Write for Brochure “B” | quality. Available in commercial-size cylinders and Strat 
Steel or Glass Racks || UNDE, the world's largest producers goses-deriv Sto 
Lense | from the atmosphere, can meet your individual 
yoy | |. of purity... volume... mixtures ... containers... 
Drying Ovens 
|| | LINDE AIR PRODUCTS COMPANY 
: A DIVISION OF 
THE RECO DESALTER Catalog on Request CARRIDE AND 


30 East 42nd Street [qa New York 17, N.Y. 
"An Canada: Dominion Oxygen Company, Limited, Toronto 
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AMAZING! 
Double Utility! 


MICROSCOPE 


Extra utility by removing 
telescope portion and using as 
35 power microscope to in- 
spect, dissect, ete. Excellent 
clarity whether used as tele- 
seope or microscope. Telescope 
objective lens is achromatic, 
coated. Telescope can be re- 
moved and carried in pocket 
: —focuses from 10 ft. to 

infinity. Microscope has 3 element, color corrected objective—image is 
erect-——just as your eye sees it—not upside down as in an ordinary 
microscope. Ramsden eyepiece with coarse or fine focusing. Gives you 3” 
of working distance when vsed as microscope. This low price is possible 
only because we utilize some very high grade war surplus parts in 
eae this fine instrument. Entire unit folds down to 2” x 7” 
19”. Te'escope instantly adjustable in height from 3” to 14”. 


Your Chance to Own a Very Fine Instrument 


IMPORTED MICROSCOPE 


POSTPAID 


LY ANGLES 
100, 200, 300 Power ON 
Good optical qualities. Fine focus- $ 95 m CIRCLES 
ing. Cretainly not the equal of a m LINEAR 
$200 instrument but definition ts DIMENSIO 


surprisingly clear and good . 


0020 


| | CHECK, MEASURE, INSPECT with this HANDY 
combination |POCKET COMPAR 


and 35X Erecting 6 Power Magnification 


TOR 


a 


nd ACCURATE 


FAST a 
On Small Parts . . . Small Dimensions 
First time available at such low price! EDSCORP 
POCKET COMPARATOR. Fine, imported measuring 
magnifier — for fast, accurate inspection of intricate 
parts without expensive equipment. Used to check 
layouts, machining on tools, dies, gauges — to check 
threads, chamfers, small holes. In optical work for 
checking flaws such os bubbles, seeds, scratches, pits 


OCULAR in both decimal and digs. For scientists — in determining width of 
in fact amazingly so at this price. : p> inches and milli- spectrograph lines. This instrument comes in pro- 
Serviceable construction. The penges meters tective leather case. We guarantee complete sotis- 
greatest microscope bargain on the RACK & faction or your money back. 
market! PINION 
TRY IT FOR 10 DAYS... If- Steck Ne. $22.50 Postpaid 
you're not completely satisfied pigc-LIGHT PE 
your money will be refunded in ADJUSTABLE MICROSCOPE OBIECTIVES 
full. MIRROR 
instru t SQUARE STAGE EYE-PIECES Imported! Achromatic! Will fit any 

strument comes packed in (2%” x standard microseope. Packed in con- 
sturdy, hard wood case. 2-5/8") with Imported! Wil! fit any standard micro- 


SLIDE CLAMPS 
be $14.95 Postpaid 


LOOK AT THESE BARGAINS! 


SLIDE PROJECTOR SETS—Consist of all unmounted 

you need to make the following size projectors: 
Stock 24020-W—S5 mm. Postpaid 
Steck 34038-W ......... $3.35 Postpaid 


SO MUCH for SO LITTLE! 


SIMPLE LENS KITS! — kits inciude plainly written, illus- 
trated booklet showing how you can build lots of optical 
items. Use these lenses in experimental optics. building 
TELESCOPES, low power Microscopes, ete, 

Steck = 2-W —10 lenses 


Stock No. 70,008-W 


Steck = 5-W—45 4 5.00 Postpaid 
Stock +10-W—80 lenses $10.00 Postpaid 


development ! Optically flat to 
1-15/16” x 2-15/16"—%”" thick. Reflects approximately 50% 
and transmits approximately 50%. No light is absorbed. 
Has a three-layered film which accomplishes non-absorption. 


$5.00 Postpaid 


scope. Value $5.00 to $25.00. 


Stock 
30,039-W 
30,040-W 
30,041-W 
30,042-W 
30,043-W 
30,044-W 


(Compensating) 16.00 Pstpd. 


Power Price 
5K $3.75 Pstpd. 
8x 3.75 Pstpd. 

10x 3.75 Pstpd. 

12x 4.00 Pstpd. 
15K 4.25 Pstpd. 
20x 


venient, screw-top plastic tube. Ex- 
cep. value 

Stock = Power Price 
30,045-W 5x $4.00 Pstpd. 
30,046-W 10K 10.00 Pstpd. 
30,047-W 20x 12.00 Pstpd. 
30,048-W 40x 16.00 Pstpd. 
60x 24.00 Pstpd. 


100x 
“(oll immersion) 32.00 Pstpd. 
30,051-W 100X 
(oil immersion 
with Iris Diaph.) 60.00 Pstpd. 


PREPARED MICROSCOPE SLIDE SETS 10 Slides in Set—Standard Size 


Stock No. 40,006-W Vegetables 
Stock Ne. 40,007-W Animals 


EVE-PIECE MICROMETER 


into 100 


parts. Val 


Stock 230,035-W . 
STAGE MICROMETER —Imported! Sutenste glass slide with photographic 


sale—1 mm. 
Stock 230,036-W 
REVOLVING NOSEPIECE 


(Per Set) $2.50 P.P. 
(Per Set) $2.50 P.P. 


(Per Set) $3.00 


$5.00 


microscopes and objectives. 


Prices 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


Types of trv 


April 3, 1953 


> Write for FREE CATALOG W 


oot 


Imported! 19 mm. diameter. 10 mm. seale divided 
TT $3.50 Pstpd. 


long divided into units of 0.01 mm. Val. to $10.00 


—Imported! Triple and quadruple. For Standard size 
Stock 230,037-W ... Triple ...... $11.00 Pstpd. 
Stock 230,038-W ... Quadruple ©... $13.50 Petpd. 


ORDER BY STOCK WO, 0. 


BARRINGTON, N. J. 


OPTICAL BARGAINS 
® TELESCOPE EXTENSION. 
9 
Approx. WS 1s 
Size " 
x 2" } 
| 
. _| 
Stock No. 40,008-W Micro-Organisms 
‘ 
4 
EDMUND SCIENTIFIC CORP., 
5 
| 


SARTORIUS 
AUTOMATIC SPEED BALANCE 


ON LY Single Pan Balance 


with Variable Load 
Constant Sensitivity 
Uniform Accuracy 
Symmetrical Beam 
Free Access to Pan 
Recessed Screen 
Table Level Controls 


WEIGHS IN 15 SECONDS! 
“RAPID” MODEL 200 gr.—1 /10 mg. 
“SEMI MICRO” MOD. 100 gr.—1/100 mg. 


AUTHORIZED SERVICE NOW AVAILABLE IN ALL PARTS OF U. S. 
FOR NAME OF YOUR LOCAL DISTRIBUTOR AND COMPLETE 
LITERATURE WRITE TO 


SARTORIUS DIV. 


C. A. BRINKMANN & CO. 


378-380 Gr. Neck Rd. 
Gr. Neck, L. I., N. Y. 


Typical transmission curve of a Multilayer Interference Filter 


a 
ters wf 
73% 
z “r 
MULTILAYER:—Bandwidth gen- 
erally less than 70 A. Peak trans- 2 ~||- 50a 
mission above 70%. Supplied FA 
from stock for mercury green at FI 20+ 
5461 A, sodium D at 5890 A, 
hydrogen alpha at 6563 A, and 0 1 ‘ 1 
4000 5000 6000 7000 


lithium red at 6708 A, with var- 
iance ony +30 A to —10 A. 
Available on longer delivery at — 
region. Provided in 2” and 1”: 

squares, at $50 and $30. 


STANDARD:—Bandwidth approximately 150 A. BIREFRINGENT: — Custom-built filters 


NARROW BAND 


WAVELENGTH IN ANGSTROMS 


Peak transmission from 5% to 35%, depending 
on wavelength. Stocked for most wavelengths from 
3300 to 10.000 A, with peak variance of +50 A. 
Provided in 2” squares, at $25. 


of the birefringent type are available on 
special order, to bandwidths as low as 1 
Angstrom. Prices on request. 


39 UNIVERSITY ROAD CAMBRIDGE 38, MASS. 
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FOR DISTILLING AT HIGH VACUUM 
WITHOUT DAMAGE 
TO MOLECULAR STRUCTURE! 


A simple, precision-built, high- 
efficiency unit whose normal field 
of distillation is among materials 
whose molecular weights are 
above 250, except for materials 
of extreme heat sensitivity such 
as some of the vinyl monomers. 


HM More economical than having processes done by 
outside laboratories. 


@ Either a concentrated residue or a derived distillate 
may be obtained. 


@ Simple in operation; easily controlled. Junior person- 
nel can fractionate successfully and speedily after 
a few hours of observation and instruction. 


@ Preliminary passes can be made to remove water, air, 
and high or low boiling-point fractions. 


@ Almost no supervision or adjustment required other 
than initial setting of rate of flow, degree of vacuum, 
and temperature. 


@ Flasks (removed in a few seconds) are fluorescent- 
lighted from below so that contained liquids can be 
checked for color, clarity, etc. 


@ No installation problem—merely plug into a standard 
electrical outlet and connect apparatus to a cold- 
water faucet by means of rubber tubing. 


Pumps, heating elements and dry-ice cooling units 
are of standard make, instantly accessible, and 
easily replaceable. Weighs only 210 Ib.—titted 
with casters__moved easily to wherever it is needed. 


WRITE FOR BULLETIN 2238-K 


Manufactured by Asco Mfg. Co., Webster, N. Y. 
SOLD ONLY BY 
AMERICAN INSTRUMENT COMPANY, INC. 


AMERICAN INSTRUMENT COMPANY, INC. 


Silver Spring, Maryland ¢ In Metropolitan Washington, D. C. 
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Routine clinical analysis R Macro-preparative work 


P graphy Industrial control 
Electrophoresis research G analysis Diffusion é turbidity measurements 
Mechanical dialysis 


Both models of Aminco Electrophoresis Apparatus constitute 
complete electrophoresis laboratories in single, compact units. 
They incorporate precise schlieren optics in an air-conditioned 
space, automatic integral refrigeration system, built-in line- 
‘voltage-regulated and current-stabilized high-voltage power 
supply, rapid internal dialysis facilities, and temperature-regu- 
lated water bath. 


Aminco-Stern universal re- Aminco portable model for 
search model for large out- 
put and a wide variety of 


sample volumes. 


BULLETIN 2175-K BULLETIN 2281-K 


AMERICAN INSTRUMENT COMPANY, INC. 
Silver Spring, In D. C. 


routine research and clini- 


cal use on a smaller scale. 


Recent Publications NOW OVER GT 
CARNEGIE INSTITUTION OF WASHINGTON CHEMICALS 


1530 P Street Northwest 
Washington 5, D. C. 


mathematics; medicine; nutrition; paleontology; 


and zoology, or a complete catalogue will be sent 2 2 
upon request. Orders may be placed direct or SMH. 


hrough regular dealers. 


H 17 West 60th St. New York 23, N.Y. 
Plaza 7-817] 


Publ. @ Diphosphoglyceric Acid @ Dithranol 
No. _ (Pentabarium Salt) @ Di-n-tolylmercury 
594 Smith, A. Ledyard, and Alfred V. Kidder. @ y,y'-Dipyridyl © Divinylsulfone 
Excavations at Nebaj, Guatemala, With Hydrochloride e Ipiperidine 
Notes on the Skeletal Material, by T. D. @ 4,4'-Dipiperidyl ——— 
Stewart. 1951. Quarto, vii+90 pp., frontis- @ 2,2'-Diquinoly! © Durenediamine 
piece, 90 figs. Paper, $5.25; cloth, $6.00. © Diphenylglycine @ Durenol (2,3,5,6- 
597 Longyear, John M., III. Copan Ceramics: A Diphenyihexatriene Tetramethylphenol) 
Study of Southeastern Maya Pottery. 1952. Dinhen cline @ Durohydroquinone 
Quarto, xiii+114 pp., 118 figs. 3 maps. © Dishen| @ Duroquinone 
Paper, #5.25; cloth, $6.25. Chloride” 
‘ @ a-Elaeostearic Aci 
Year Book 51, July 1, 1951-June 30, 1952. Reports © -Distearin Eleidic Acid 
‘ on current research from all the departments @ Dithiodiglycol © Eleidin 
of the Institution. 1952. Octavo, xxxv +20 + © a,5-Dithiopropionic @ Ellagic Acid 
H 286 pp., 3 pls., 12 figs. Paper, $1.00; cloth, Acid og re 
$1.50. @ Dithioresorcinol © Epicatechin 
' @ Dithiosalicylic Acid @ Erbium Oxide 
' Subject lists in archaeology and anthropol- © Dithiothymine © Ergometrine Tartrate 
‘| ogy; astronomy and astrophysics; botany, ecology, @ Dithiouracil @ Ergotamine Tartrate 
{| and climatology; chemistry and physics; embryol- 
1} Ogy, genetics; geology and geophysics; history, Ask for our new 
' economics, and history of science; literature; complete catalogue 
‘ 
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images up to 10 feet across 


even under oil-immersed objectives 


Because of the virtually solar intensity of the Scopi- 
con's high-pressure mercury arc, you can project sharply 
detailed images up to ten feet across even under oil- 
immersed microscope objectives. The light’s white color 
demonstrates the various biological stains to their best 
advantage. 

The Scopicon is highly adaptable — can be used 
with equal convenience for small-group study in a nor- 
mally lit room, or for exhibition to large groups in a 
darkened auditorium. Let us send you the brochure 
describing this versatile instrument. 


micro-projection ¥ equipment 


COPICON, Inc. 215 E. 149th ST. NEW YORK 51, N. Y. 


April 3, 1953 


The Scopicon light 
source generates a light 
intensity of approxi- 
mately 64,000 lumens. 
The projected light beam 
is remarkably steady — 
neither wanders nor 
flickers. 


mercury arc 


\ 
The Scopicon ~ 
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FUNDAMENTALS OF PHYSICAL SCIENCE 


By Konrad Bates Krauskopf 


Stanford University 


New Third Edition 
694 pages, $6.00 


In order to maintain a completely contemporary outlook and keep abreast of all recent advances, the 
author offers a fine revision of this excellent and extremely successful physical science survey text. 
Intended for the non-science student, it provides a thorough coverage of the main facts of astronomy, 
physics, chemistry, and geology. 


These four fields are all treated from the point of view that they are parts of a unified gen- 
eral field of knowledge rather than stressed as distinct subjects. Superficiality is wholly averted through 
selection of certain key topics of emphasis, then development of these topics with a rigor compar- 
able to that used in elementary courses in the specialized sciences. Throughout, it is principle rather 
than application which is stressed, for it is the author's intent that through knowledge of scientific 
methods, the student will learn what a scientific problem actually is and the manner in which a scien- 
tist achieves solution. 


In the revision, primary material on atomic nuclei, atomic energy, cosmic rays, and 
the earth’s interior have been brought up to date, and other, more minor revisions make the book 
complete in modern methodology. New sections have been added, furthermore, on electronics, sili- 
cones, and recent theories about the origin of planets. Most of the half-tone illustrations are replaced 
for great improvement, and new problems have been added. 


The test is designed for great flexibility. Sections not essential to continuity 
have been printed in smaller type, making the book adaptable to courses of differing lengths and varying 
degrees of difficulty. To further this convenience of teaching and presentation, problems which refer 
to these less essential sections are marked with asterisks. 

Here then is an excellent text to provide the student with a 
general understanding of the vital importance of science to the age in which we live, and to indicate 


the manner in which it functions. The book is also of value to the student of specialized science for 
review and background material in related fields. 
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Thermoluminescence as a Research Tool 


Farrington Daniels, Charles A. Boyd, and Donald F. Saunders* 
Department of Chemistry, University of Wisconsin, Madison 


HERMOLUMINESCENCE IS THE EMIS- 

SION OF LIGHT produced by heating a 

solid to a temperature below that of inean- 

descence. It is exhibited by erystals, such as 
alkali halides, that have been exposed to x-rays or 
radioactivity and then heated rapidly. The high-en- 
ergy radiation dislodges electrons, some of which be- 
come trapped in lattice imperfections, and are later 
driven out with the accompanying emission of light 
when the temperature is raised to supply the neces- 
sary amount of kinetie energy. 

Thermoluminescence is a property that is extremely 
sensitive to changes in the structure of crystals. 
Changes in minor impurity concentrations, erystalli- 
zation techniques, and physical treatments all produce 
profound effects. This structure sensitivity is found in 
other solid state properties such as catalytic activity, 
dielectric constant, magnetic susceptibility, light ab- 
sorption, fluorescence, and phosphorescence. Because 
of the similarities between thermoluminescence and 
these other properties it is thought that thermolumi- 
nescence measurements may be of value in their in- 
terpretation. 

The application of thermoluminescence in the analy- 
sis of minerals and control of feldspars in the ceramics 
industry has been described by Deribere (1, 2). It has 
been used in the interpretation of phosphorescence 
mechanisms by Garlick and others (3). Further inter- 
esting uses of this phenomenon were suggested in pre- 
liminary reports (4-6), and it is the purpose of the 
present communication to outline progress in the ap- 
plication of thermoluminescence to a variety of re- 
search problems. 


APPARATUS 


The technique of measuring thermoluminescence by 
the so-called glow curves, developed initially by Ur- 
bach (7) and modified by Randall (8) and Boyd (9), 
has been simplified so that many thermoluminescent 
substances can be studied rapidly and conveniently. 

The intensity of light as measured with a multiplier 
phototube, and the temperature as determined by a 
thermocouple, are recorded simultaneously, using a 
recording potentiometer. The specimen is heated at a 
uniform rate of 1° C per second, producing records 
such as that shown in Fig. 1. The straight line is a 
record of the temperature, and the light intensity 
passes through a series of maxima. The crystalline 
material is prepared either as a powder or as a plate 
about 1 em square and 1.5 mm thick, obtained by 


1The authors are pleased to acknowledge the support of 
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cleaving crystals or cutting rocks with a diamond saw. 
The powder usually gives a lower light intensity on 
account of the scattering of the light within the sam- 
ple, but it is more reproducible because it averages 
out the heterogeneity of the specimen. It is ground to 
100-200 mesh size, and a weighed quantity of about 
20 mg is placed on a thin glass plate and moistened 
with a drop of water containing a trace of detergent. 
After drying, the powder sticks to the glass well 
enough to be handled. The electrically heated silver 
hot plate is adjusted by means of a variae to give a 
uniform temperature rise as recorded on the graph, 
more current being allowed to pass as the furnace 
heats up and the heat losses become greater. The ap- 
paratus is enclosed in a light-tight box and, after heat- 
ing the sample to dull red heat, where thermolumi- 
nescence can no longer be detected, the hot plate is 
removed and cooled quickly with dry ice for the next 
determination. 

Most of the irradiation of erystals has been carried 
out in two special y-ray irradiators, each consisting 
of two concentric aluminum tubes, with cobalt powder 
filling the annular space between them (10). We are 
indebted to the Argonne National Laboratory and the 
Oak Ridge National Laboratory for placing these ir- 
radiators in nuclear reactors to produce radioactive 
cobalt (Co®). In this way a space 2.2 em in diameter 
by 8 em long is available for uniform irradiation with 
1.1 and 1.3 mev y-rays at intensities of 6000 or 1400 
roentgens per hour for 4 or 1.3 euries of Co, re- 
spectively. 


MECHANISMS 


To exhibit thermoluminescence, a substance must 
have an ordered structure such as is found in crystals, 
or a semiordered structure as in glasses. In addition, 
it must be electrically an insulator or semiconductor. 
The crystal must be exposed to ionizing radiation that 
will produce a cloud of electrons within the lattice 
when the radiation is absorbed. 

The ability to exhibit thermoluminescence in certain 
erystals ean be produced by a variety of high-energy 
radiations—hard or soft x-rays, y-rays, a-particles, 
and B-rays. An energy of about 10 ev is sufficient to 
remove electrons from ions in most erystal lattices 
and to provide them with energy to move around in 
the crystal, but unless there are traps into which the 
released electrons can go, there is no mechanism to 
provide for thermoluminescence. There are several 
different kinds of possible electron traps: (a) imper- 
fections and vacancies in the crystal lattice produced 
at the time the erystal is formed, or created later by 
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Fi6. 1, Typical glow curve recording ; y-activated thermoluminescence of a limestone. 0 
0.8°C/see. 115 hr-exposure in y-source. 


amp; 100=1 microamp. Heating rate 


mechanical pressure or thermal treatment; (b) statis- 
tical imperfections that are due to kinetic motions and 
that increase in number at higher temperatures; (c) 
distortions produced by impurity ions of larger or 
smaller size than those comprising the erystal lattice ; 
and (d) ion dislocations, or “holes,” produced by 
radioactive bombardment. 

One of the common types of traps is a negative ion 
vacancy—for example, a chloride ion missing from a 
sodium chloride lattice. When such a vacancy is filled 
with a dislodged electron, it is called an F-center, and 
it acts as a light-absorbing unit. The color produced 
by x-radiation in erystals and that found in some 
fluorites and other minerals containing radioactive 
impurities are thought to be due to the creation of 
these F-center and other arrangements of trapped 
electrons (11, 12). It has long been known that this 
coloration can be bleached out by heating (13); it 
is not quite so well known that thermoluminescence 
usually accompanies the removal of the color. 

A erystal may possess many trapped electrons 
within its lattice and may not produce thermolumi- 
nescence when heated unless there is some mechanism 
for releasing the extra energy of the electrons as 
visible light. This mechanism is thought to take place 
in certain emission centers in the lattice, associated 
with impurities, as is the case in many artificial phos- 
phors and natural fluorites (14-16), or perhaps with 
displaced. lattice ions or other irregularities in the 
lattice. 

The role of impurities in determining the character 
of thermoluminescence has been discussed by Alt and 
Steinmetz (17). Our investigation has shown that in- 
dividual peaks in fluorite glow curves emit different 
colors of light. This would seem to indicate that these 
electron traps are intimately associated with partieu- 
lar emission centers, which have been demonstrated to 
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be rare earth impurities (16). In this ease it is thought 
that the electrons are trapped in distortions produced 
by the foreign ions. 

The production of ion dislocations in various mate- 
rials by a-particles has been studied by Seitz (18) 
and Slater (79). Halos of color around radioactive 
inclusions in minerals are thought to be due to elee- 
trons trapped in dislocations produced by a-particles. 
Certain feldspars exhibit very intense thermolumi- 
nescence from such halos, and it is concluded that 
the electron traps responsible were produced by the 
a-bombardment. Estermann (20) deteeted changes in 
density in KCl erystals exposed to x-rays. These were 
ascribed to the production of vacancies in the lattice 
by the radiation. Lithium fluoride has been found to 
produce increased thermoluminescence on each sueces- 
sive equal exposure to y-rays from Co®°. The increased 
sensitivity is thought to be the result of the produe- 
tion of additional electron traps by y-radiation. 

Each peak in a glow curve corresponds to a definite 
energy level of trapped electrons, and low-tempera- 
ture peaks can be drained out without affecting the 
high-temperature peaks if the heating is stopped be- 
fore the high temperatures are reached. The amount 
of thermoluminescence of a given peak is a result of 
a balance between the rate at which electrons have 
been driven into the traps by radiation and their rate 
of thermal escape at the temperature Of irradiation. 
When the temperature of the irradiated erystal is 
raised quickly and then maintained constant, the in- 
tensity of luminescence decays, with a definite mathe- 
matical relation from which the energies of activation 
(9) of a specified type of trapped electron can be 
caleulated. 

The thermoluminescence behavior on continued ir- 
radiation has been studied in considerable detail and 
will be reported elsewhere. In general, saturation oc- 
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curs at an energy input that varies with the crystal 
and the type of radiation. Low-temperature peaks are 
apt to become less prominent with continued irradia- 
tion, and new high-temperature peaks are created. The 
alkali halides and limestones are apt to reach satura- 
tion after about 100,000 roentgens of Co*° y-radiation. 
Continued irradiation may simply give a constant 
thermoluminescenee intensity or it may give a decreas- 
ing intensity. 


Types OF THERMOLUMINESCENT MATERIALS 


The alkali halides are all thermolumineseent. In gen- 
eral they have two prominent peaks whieh shift with 
the size of the ions, the smaller atoms giving thermo- 
luminescence which comes in at higher temperatures 
and coloration from F-centers with absorption max- 
ima at shorter wavelengths (27). In lithium fluoride, 
where both ions are small, the coloration produced by 
radiation comes in the ultraviolet, and the maxima in 
the thermoluminescence curves occur at about 220° C 
and at 320° C, 

In addition to the alkali halides, the following give 
thermoluminescence after irradiation with y-radiation 
—calcite, dolomite, fluorite, aluminum oxide, magne- 
sium oxide, gypsum, quartz, glass, certain catalysts, 
feldspars, feldspathoids, certain dried clays, and ce- 
ramies. A large variety of inorganic crystals is being 
investigated for thermoluminescence, and more sensi- 
tive apparatus for testing thermoluminescence is be- 
ing developed. In general, hard, transparent or trans- 
luscent erystals of simple erystal structure are most 
apt to exhibit thermoluminescence after exposure to 
y-rays. 

Sometimes, of course, the thermoluminescent light 
emitted probably eseapes detection with the present 
apparatus because it is in the ultraviolet or the infra- 
red. Organic material cannot be studied in air because 
combustion emits obscuring light, but there is reason 
to believe that, if certain organic substances are ir- 
radiated at liquid air temperatures and then heated 
to room temperature and above, they, too, will exhibit 
thermoluminescence. Prominent additional, low-tem- 
perature peaks were found in the glow curves when 
the alkali halides were irradiated at liquid air tem- 
peratures (2/). These peaks are, of course, registered 
as fluorescence when irradiated at room temperature, 
the light being emitted at the time of irradiation. 

The presence of impurities is an important factor 
in thermolumineseence glow curves, and, until theories 
can be developed to account for the different activa- 
tion energies of the various energy traps, it is difficult 
to know whether a given peak is characteristic of a 
given erystal lattice or of a given impurity, perhaps 
present in traces. 

Preliminary work has been done on the effect of 
added impurities and mixtures of salts crystallized out 
together from a given melt (22). When 1 mole per 
cent of silver chloride is added to fused sodium 
chloride, for example, the crystallized salt gives 100 
times as much intensity of thermoluminescence as the 


April 3, 1953 


pure sodium chloride alone. Traces of cuprie chloride 
and manganese chloride, on the other hand, quench 
the thermoluminescence. When potassium bromide is 
added to sodium chloride and the two are fused and 
erystallized, a eurve of thermoluminescence intensity 
plotted against mole fraction gives a maximum at 
which the intensity of the mixed crystals is consider- 
ably greater than that of either sodium chloride or 
potassium bromide alone. The distortion of the lattice 
by the introduction of ions of different sizes seems to 
create holes in which electrons, released by y-rays, can 
be trapped. 

The color of the thermoluminescence varies at least 
over the whole visible spectrum with different crystals, 
and it is quite sensitive to impurities. 


Since in many erystals the intensity of thermolumi- 
nescence is nearly proportional to the amount of 
y-radiation received, a considerable effort has been 
devoted to developing a practical means of measuring 
the exposure to y-radiation (23). Lithium fluoride has 
been found to be the best crystal for this purpose, 
and it has been possible to measure exposures of 10— 
1000 roentgens and more with considerable ease and 
accuracy (21) by means of a portable photomultiplier 
tube and microammeter. Measurements of less than 1 
roentgen have been made with a nonportable instru- 
ment. Lithium fluoride is stable, insoluble, and non- 
deliquescent, and 4 gram of artiticial erystal grown 
by the Harshaw Chemical Company is sufficient for a 
measurement. The erystals used originally are about 
1 em?, but more recently powdered lithium fluoride 
has been pressed into pellets, in a thin metal casing. 
Experiments are still under way to obtain greater 
uniformity, but successful tests with different labora- 
tory and atomic radiations have been made. The dosim- 
eter crystals, or pellets, are very small and can be 
placed in experimental apparatus, which is inacces- 
sible to ordinary radioactivity meters. They have been 
used successfully by Marshall Brucer, of the Hospital 
of the Oak Ridge Institute of Nuclear Studies, to ob- 
tain measurements of internal radiation intensity in 
cancerous patients injected with radioactive isotopes. 
The crystals were swallowed by the patients, recovered 
one or two days later, and the accumulated dosage in 
roentgens was measured by matching the thermolumi- 
neseence intensity with that produced in the crystals 
by a known roentgen dosage. 


IDENTIFICATION 


The glow curves are characteristic of specifie sub- 
stances, with definite peaks at definite temperatures, 
similar in a sense to spectrograms with their lines of 
light at definite wavelengths. They are typical of erys- 
talline materials that contain specific impurities and 
that have had definite heat treatments and physical 
histories. Thermoluminescence measurements are thus 
not suitable for analysis of chemical compounds, but 
they may find use in identifieation and control. For 
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example, different types of aluminum oxide will give 
different glow curves depending on impurities and 
previous heat treatment, but all samples of the same 
type will give the same glow curve. If one type is 
desired perhaps it could be selected on the basis of 
the glow curve. Again, the thermoluminescence glow 
eurve of window glass will vary greatly with the im- 
purities present, chiefly ferric oxide, but if a particu- 
lar quality of glass is required the thermoluminescence 
glow curve may become a convenient control test to 
assure that each batch has the same quality. Lime- 
stones, ceramics, and optical crystals are among the 
materials that may be classified, identified, and econ- 
trolled. 

A collection of about 30 standard clays has been the 
object of an intensive cooperative research program 
involving many different measurements, such as vis- 
cosity, infrared absorption, and chemical tests. Some, 
but not all, of these standard clays exhibit character- 
istic thermoluminescence glow curves which merit fur- 
ther investigation. The nonorganic parts of certain 
soils should show characteristic glow curves that may 
be useful in identification and classification of soils. 

The color of the light emitted on heating a previ- 
ously irradiated material is often characteristic. Lime- 
stones give a yellow light, and dolomites give an 
orange light. The orange color may be helpful as a 
field test in identifying the presence of magnesium 
carbonate, although it may well be that the color is 
not related to the magnesium carbonate, but to an im- 
purity associated with it. 


CATALYSIS 


It was suggested by Boyd and Hirschfelder (22 
that thermoluminescence curves might be useful in 
evaluating the efficiency of surface catalysts. The same 
strains and lattice imperfections that permit adsorbed 
molecules to come within optimum distances from each 
other and bring about chemical reactions might also 
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Fic, 2. Glow curves of catalysts. 
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provide traps into which electrons could be driven by 7 


y-radiation, and later released by heating. The in- é 
tensity and nature of the thermoluminescence might ~ 


be a measure of the catalytic efficiency. At least the 
thermoluminescence glow curve could be used as a 
criterion for controlling the preparation of a desired ( 


catalyst. A standard, successful catalyst should have 
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a specifie type of glow curve. 
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e and catalytic activity. 


In the first test a good aluminum oxide catalyst pre- 
pared by Homer Adkins was found to give consider- 
ably more thermoluminescence than a poor catalyst of 
the same material. Several commercial catalysts have 
been examined, three of which are shown in Fig. 2. In 
this case the areas under the No. 2 peak are correlated 
with the catalytic efficiency, as shown in Fig. 3. Many 
catalysts, particularly of the gelatinous type, do not 
give any thermoluminescence, and in many others 
there is no apparent correlation, but enough catalysts 
have been examined to justify the conclusion that 
thermoluminescence is a new tool in catalyst evalua- 
tion and that it may become useful in researches to 
find new catalysts. 


RapiaTion DAMAGE 


Most high-energy radiations are effective in pro- 
ducing damage to crystals. The investigation of this 
phenomenon is of importance in the design of nuclear 
reactors and in interpreting changes in erystal strue- 
ture occurring in radioactive minerals over millions 
of years. 

The fraction of y-radiation energy that ean be 
stored as trapped electrons in crystals is very small. 
With a photomultiplier tube calibrated with a 
thermocouple and standard lamp it was found that 
less than 1/10,000 of the energy of the absorbed 
y-radiation was given out as thermoluminescence in 
lithium fluoride (24). 

Thermoluminescence is one means of studying the 
storage of energy from high-energy bombardment 
and the erystal damage which can be produced by it. 
Atom displacements, if they occur, might lead to the 
storage of greater amounts of energy than that ob- 
served in thermoluminescence, but the means for 
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detecting heat are much less sensitive than the means 
for detecting light. Thermal analysis has failed thus 
far to reveal the storage of heat energy in y-irradiated 
crystals, but more sensitive methods and greater 
exposures to radioactivity are now under investiga- 
tion. In the ease of certain metamict crystals eon- 
taining considerable quantities of uranium the a-ray 
bombardment for millions of years has caused serious 
dislocations of the erystal lattice; so much so that 
x-ray diffraction patterns characteristic of crystals 
have been obliterated. When these minerals with 
accumulated radiation damage are raised in tem- 
perature, the stored energy is released as heat, and 
the x-ray diffraction pattern characteristic of a 
normal lattice is restored. In one case the energy 
released amounted to as much as 25 calories per 
gram (24). 


THERMOLUMINESCENCE OF ROCKS 


Many natural rocks and minerals are thermo- 
luminescent without exposure to x- or y-rays in the 
laboratory. Most limestones crushed to millimeter size 
and dropped onto a faintly red-hot frying pan in a 
darkroom will emit a bright white or orange light 
for several seconds. After they are once heated and 
cooled, no light is emitted if they are heated a second 
time. However, brief exposure to x- or y-rays will 
bring back the property of thermoluminescence, and 
by proper adjustment of the exposure the same in- 
tensity of thermoluminescence can be reproduced. 
Natural thermoluminescence has been frequently re- 
corded in the geological literature (13, 25, 26) but 
it has generally been regarded as a curiosity. Some 
attributed the light to the burning of organic material. 
It has been repeatedly proved in the course of this 
investigation that the cause of the thermolumines- 
cence is the presence of traces of uranium, thorium, 
and other radioactive elements contained in the rocks 
as impurities (6, 27). These radioactive impurities 
may be present only to the extent of one part per 
million or so, but they have been giving off a-, B-, 
and y-rays for millions of years, and part of the 
thermoluminescence effect is cumulative. In fact, 
natural thermoluminescence of a rock is often a more 
sensitive means of detecting traces of radioactivity 
than is a Geiger counter or scintillometer. The rela- 
tion between radioactivity and thermoluminescence 
in certain minerals had been earlier pointed out by 
Ellsworth (25), Kohler (28), and Alt and Stein- 
metz (17). 

Surprisingly many rocks and minerals are nat- 
urally thermoluminescent. Over 3000 samples have 
been studied, mostly limestones and granites, of 
which about 75 per cent showed visible thermo- 
luminescence, and still more would undoubtedly show 
thermolumineseence if measured with the most sen- 
sitive photomultiplier apparatus. Nearly all lime- 
stones and acid igneous rocks are naturally thermo- 
luminescent. Calcium and magnesium carbonates 
show light-yellow to orange thermoluminescence, and 
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potassium and sodium feldspars show white to blue- 
violet. These minerals are responsible for much of 
the thermoluminescence in the rocks examined, as, 
for example, in ecaleareous fossils or inclusions in 
shales, and in the cementing material between the 
grains of sandstone. Some fluorites containing 
uranium give a particularly brilliant thermolumines- 
cence. Quartz, nepheline, topaz, halite, and spodu- 
mene react when they contain impurities of uranium, 
or thorium. 

In a Boy Seout collection of 36 minerals over 
one third gave visible thermoluminesecence. Out of 65 
rock-forming minerals selected from the mineralogy 
laboratory’s collection at the University of Wiscon- 
sin, 34 showed natural thermoluminescence. The in- 
tensity of light ranged all the way from that 
sufficient for reading a newspaper to “barely de- 
tectable.” 

All the minerals that displayed natural thermo- 
luminescence could be made much brighter by ad- 
ditional exposure to y- or x-rays, and many that did 
not give any detectable thermoluminescence were 
made thermoluminescent by a brief exposure to these 
rays. Of the 65 minerals just mentioned, 47 were 
thermoluminescent following exposure to y-rays. 


NATURAL 


RELATIVE LIGHT INTENSITY 
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J wo 200 300 400 
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Fic. 4. Glow curves for Exscabroxa limestone. 


The increase in thermoluminescence resulting from 
a y-radiation exposure of 140,000 roentgens is shown 
in the glow curves of Fig. 4 for the Escabrosa lime- 
stone. The No. 2 peak coming in at 300°C is about 
the same, but the No. 1 peak at 215° is seven times 
as intense. The No. 3 and No. 4 peaks at lower 
temperatures are fairly intense in irradiated thermo- 
luminescence, but are completely missing in natural 
thermoluminescence, because the earth temperature 
has been high enough to drive all the displaced 
electrons out of their traps. The time elapsing be- 
tween irradiation in the laboratory and testing is 
too short to permit any measurable loss, The high- 
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temperature peak at 300° involves so great a kinetic 
energy that most of the trapped electrons have re- 
mained trapped over the geological ages, and a still 
longer exposure to natural radioactivity would of 
course increase the intensity at peak No. 2 still 
higher—until saturation is reached. 

The thermoluminescence of rocks is apt to be 
quite heterogeneous—some of the mineral constit- 
uents give off light when heated, and others do not. 
Thin specimens of limestones and granites have been 
polished and placed on a hot plate, with a camera 
focused on the surface. The light emitted by the 
heated specimen (below incandescent red heat) is 
sufficient to produce a photograph. An example is 


environment at the time of crystallization and the 
physical effects of temperature and pressure on the 
rocks during their geological history have a great 
deal to do with the nature and intensity of the 
thermoluminescence, 


STRATIGRAPHY 


Because the glow curves are so responsive to 
chemical and physical conditions at the time a rock 


¥ 
is formed, they can be used to determine whether 
two samples of sedimentary rocks were laid down at | 


the same time in the same environment, even if 
the samples are widely separated geographically. 


Fossils and other criteria are now used to determine 


Fig. 5, 
stone. Knob formation. Left: natural right, y-activated. 


given in Fig. 5, where the calcareous fossils are 
clearly shown at the left. The light is due to the 
release of electrons that were originally dislodged 
by traces of uranium present and trapped in the 
calcium carbonate lattice of the fossils. The brighter 
picture at the right was produced by the same sample 
after an exposure to 140,000 roentgens of y-rays. 
The thermoluminescence patterns displayed by gran- 
ite surfaces commonly reveal spots of brighter light 
adjacent to inclusions of material of high radio- 
activity. 

Whereas at high altitudes cosmic radiation may be 
a factor in some of the activation for thermo- 
luminescence, it becomes practically negligible in 
comparison with the activation caused by radio- 
activity in rocks below ground level or in rocks that 
contain one or more parts per million of uranium 
or thorium. 

The thermoluminescence glow curves of rocks vary 
greatly—i.e., the heights of the peaks of the glow 
curves and the temperatures of their maxima change 
from rock to rock. The greater the concentration of 
uranium or thorium and the older the rock, the 
greater is the thermoluminescence, because the rock 
has been subjected to greater effects from radio- 
activity. The presence or absence of chemical im- 
purities and the physical imperfections are, however, 
factors that may be just as important. The chemical 
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Photographs of thermoluminescence of a typical lime- 


whether two rock samples belong to the same stratum, 
and these tests have practical value in petroleum 
exploration. If a certain sequence of strata is found 
as one drills down from the surface and eventually 
strikes oil, then a repetition of the sequence in 
another location may indicate that the geological 
features are the same as found before. Thermo- 
luminescence glow curves add one more test to those 
already available for correlating sedimentary forma- 
tions. In some rock types—e.g., voleanic ash and 
Pre-Cambrian limestones—no fossils are present to 
aid in the identification of the strata. 

One of the first tests of the reliability of the 
application of thermoluminescence was carried out 
in a large limestone quarry, where the various strata 
can be differentiated visually for nearly half a mile. 
Thermoluminescence curves of ten samples taken 
from the same stratum across this half-mile face were 
identical in shape, but samples from other strata a 
few feet above or below gave entirely different glow 
eurves (29). 

Extensive studies have been made of thermo- 
luminescence as a means of correlating limestones. 
For this purpose the glow curves obtained after 
excitation with y-rays are more useful than the 
natural thermoluminescence curves, because many 
more peaks are available for identification in the 
low-temperature region—peaks that have been an- 
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nealed out of the natural thermolumineseence at 
earth temperatures. In general, there are four 
prominent peaks in the glow curves of most lime- 
stones. They occur at 120°-140°, 150°-190°, 
210°-250°, and 290°-310°C. Saunders (27, 29) 
and Bergstrom (30) have made a special study of 
the correlation of limestones as revealed by their 
thermoluminescence glow curves. Particular attention 
has been given to the Pennsylvanian limestone out- 
crops in Iowa. Parks (31) has made a special study 
of subsurface stratigraphy as revealed by glow 
curves, using core samples from areas around 
southern Indiana and southern Illinois. 


AGE DETERMINATION 


If suitable corrections can be made for chemical 
impurities and physical imperfections, and for the 
light absorption in the rock itself, one should be able 
to estimate the age of the rock from the thermo- 
luminescence intensity and from the uranium or 
thorium content as determined from the 4a-ray 
activity of the sample. Each a-particle produces a 
given number of trapped electrons that will emit 
thermoluminesecence. The light emitted should be 
proportional to the number of a-particles per year 
multiplied by the number of years since the erystal 
was formed. This method is much less reliable than 
the method of radioactive carbon for dating material, 
but the carbon method is satisfactory only for car- 
bonaceous materials less than 25,000 years old. It is 
still less reliable than the lead-uranium, helium- 
uranium, potassium-argon ratios, but these radio- 
active methods also have their limitations. Any new 
method for dating rocks and minerals is well worth 
exploring, and progress is being made in the 
thermoluminescenee method, which ean give only the 
time since the mineral was last crystallized. It has 
been developed for limestones by Zeller (32) and 
for fluorites by Saunders (33). The a-activities are 
obtained with a scintillometer, applied by Ockerman 
(34) to a large area of the powdered rock. If the 
uranium content is only 1 ppm, the accuracy in 
determining the 4G-activities becomes the limiting 
factor. The area under a selected high-temperature 
peak in the natural glow curve is used for com- 
parison—or, in another method, the electron traps 
thought to be produced by a-particles are filled by 
saturating with y-rays. The light absorption of each 
sample is determined experimentally so that cor- 
rections can be made for light losses in samples that 
are not completely transparent. Limestones of known 
geological ages are used for a calibration scale. 

The greatest uncertainties lie in the presence of 
chemical impurities and imperfections in the erystal 
lattice, which will increase or decrease the thermo- 
lumineseence. It is hoped that better results will be 
obtained through the use of a 1l-curie polonium 
source, lent by the Atomie Energy Commission, with 
which an a-ray bombardment can be given to a thin 
surface layer in a second, which is equivalent to a 
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million-year bombardment in the limestone with its 
mere trace of uranium. With this technique it should 
be possible to cancel out the effects of impurities; 
and, except for uncertainties in the radiation damage, 
the time required for the polonium source to mateh 
the natural thermoluminescence of the rock would 
give a direct measure of the a-particles emitted since 
the rock was formed. Knowing the rate of a-particle 
emission per hour and per year in the rock, the time 
required to produce the observed thermoluminescence 
could be easily ealeulated. 

The possibility of estimating the dates at which 
limestones and ancient pottery were heated to high 
temperatures is now being explored. Many other 
applications of thermoluminescence to various lab- 
oratory techniques and applied problems are under 
investigation. 
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News and Notes 


Scientists in the News 


Philip H. Abelson, chairman of the Biophysics See- 
tion, Department of Terrestrial Magnetism, Carnegie 
Institution of Washington, has been appointed di- 
rector of the institution’s Geophysical Laboratory, 
effective Sept. 1. George W. Morey will continue as 
acting director until that date, and will then devote 
full time to his own research. 


Donald G. Anderson, of the Council on Medical 
Edueation and Hospitals of the American Medical 
Association, has been appointed dean of the Univer- 
sity of Rochester School of Medicine and Dentistry. 
Dr. Anderson will succeed George Hoyt Whipple, 
who will resign on June 30. 


Norman Q. Brill, psychiatrist and medical educa- 
tor, has been selected to head a coordinated mental 
hygiene program by the UCLA School of Medicine 
and the State Department of Mental Hygiene. Dr. 
Brill will serve as chairman of the Department of 
Psychiatry at the new Medical Center and as Direc- 
tor of the State Department of Mental Hygiene 
unit to be built near the Los Angeles campus. 


James E. Castle has joined Foote Mineral Company 
as manager of the Lithium Mining and Milling Divi- 
sion at Kings Mountain, N. C. Mr. Castle had been 
assistant plant manager of the Balmat Mill for St. 
Joseph Lead Company since 1943. 


K. K. Chen, director of pharmacologic research, 
Lilly Research Laboratories, and professor of pharm- 
acology, Indiana University, delivered the annual 
Bardeen Memorial Lecture of the Phi Chi Medical 
Fraternity at the University of Wisconsin School of 
Medicine on Apr. 1. 


Willard F. Crosier, associate professor, Division of 
Seed Investigations, New York State Agricultural 
Experiment Station, will be an official U. S. delegate 
to the tenth congress of the International Seed Testing 
Association in Dublin, May 25, He will present the 
report of the Committee on Seed-borne Diseases and 
Pests, of which he is chairman. 


Arthur H, Davison has been appointed chief psy- 
chologist at the Milwaukee County Hospital for 
Mental Diseases, and has resigned from the Veterans 
Administration Hospital, Perry Point, Md. 


H. Trendley Dean, who helped diseover that fluorine 
compounds in drinking water can reduce tooth decay 
in children, retired from the U. S. Public Health 
Service Apr. 1. Francis A. Arnold, Jr., has been named 
to succeed Dr. Dean as director of the National In- 
stitute of Dental Research. 


S. Norman Feingold, executive director of the Jew- 
ish Voeational Service of Greater Boston, and presi- 
dent of the Greater Boston Vocational Guidance As- 
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sociation, has been made a member of the President’s 
Committee on Employment of the Physically Handi- 
capped. 


F. A. Fox, formerly deputy director of the British 
Welding Research Association, has been appointed 
superintending scientist in charge of the Chemical and 
Physical Research Laboratories, Australian Govern- 
ment Department of Supply, Maribyrong, Melbourne. 


Ira N. Gabrielson, president of the Wildlife Man- 
agement Institute, has received the Leopold Memorial 
Medal of the Wildlife Society, for service to wildlife 
conservation. 


Jagat J. Ghosh, fellow of the International Anaes- 
thesia Research Foundation, has joined the Montreal 
General Hospital Research Institute to work with 
J. H. Quastel. Dr. Ghosh was formerly with the Nutri- 
tion Research Unit, Indian Council of Medical Re- 
search, New Delhi. 


J. Linsley Gressitt has been appointed entomologist 
at Bernice P. Bishop Museum, Honolulu, where he 
will direct the project “Insects of Micronesia.” Dr. 
Gressitt has been with the Pacifie Science Board 
studying the ecology of the coconut rhinoceros beetle, 
and was formerly with Lingnan University and the 
University of California: Division of Biological Con- 
trol. 


Joel H. Hildebrand, emeritus professor of chemistry 
at the University of California, gave the Edgar Fahs 
Smith Memorial Lecture in Chemistry, sponsored by 
the Philadelphia Section of the American Chemical 
Society, and the University of Pennsylvania. 


A. Bradford Hill, professor of medical statistics, 
London School of Hygiene and Tropical Medicine, 
University of London, was guest lecturer on Mar. 20 
at the National Institutes of Health, Bethesda, Md. 
Dr. Hill spoke on “The Philosophy of the Clinical 
Trial.” 


John A. Hipple, chief of the Atomic Section, Na- 
tional Bureau of Standards, has been named director 
of the Mineral Industries Experiment Station at the 
Pennsylvania State College, effective Mar. 1. Dr. 
Hipple fills the vacancy created by the retirement of 
Alfred W. Gauger. 


Charles B. Huggins, professor of surgery, Univer- 
sity of Chicago, will give the twentieth E. Starr Judd 
lecture in surgery at the University of Minnesota, 
May 7. Dr. Huggins’ subject will be “The Endocrin- 
ology of Mammary Cancer.” 


Donald F. Jones, head of the Genetics Department, 
Connecticut Agricultural Experiment Station, has 
been granted a three months’ leave of absence to 
serve as visiting professor of genetics at the Univer- 
sity of Washington, Seattle. Dr. Jones will conduct 
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a course on general genetics, and a graduate seminar 
on theoretical genetics, during the spring term. 


Gabriel Langfeldt and Isadore Snapper have been 
appointed lecturers in the University of Illinois Col- 
lege of Medicine, with the rank of professor, and 
David S. Ruhe has been named clinical assistant pro- 
fessor of medicine. Dr. Langfeldt, now engaged in 
psychiatric research at the Manteno State Hospital, 
will serve as lecturer in psychiatry. Dr. Snapper, 
educational director of Cook County Hospital, will 
lecture in the Department of Medicine. Dr. Ruhe is 
director of the Medical Audio-Visual Institute of the 
Association of American Medical Colleges. 


Fritz London, of the Department of Chemistry, 
Duke University, has been selected to receive the 
Lorentz Medal of the Royal Netherlands Academy of 
Sciences. The medal will be presented at a meeting 
of the academy’s Section for Science on June 27. 


George N. Papanicolaou, professor of anatomy at 
Cornell University Medical School, has been selected 
to receive the Leonard A. Wien Award, in recognition 
of his outstanding research in cancer cytology. 


Ernest A. Remesch has joined Foote Mineral Com- 
pany as superintendent of the new lithium processing 
plant at Sunbright, Va. Dr. Remesch was formerly 
with Melson Fertilizer Company, Georgetown, Del. 


Elmer H. Schulz has been promoted to director of 
research, and Maurice J. Day to assistant director 
for program development, at Armour Research Foun- 
dation of Illinois Institute of Technology. Dr. Schulz 
was formerly manager of the foundation’s Physics 
and Electrical Engineering Division, and Dr. Day 
was manager of the Materials and Processes Division. 


M. Michael Sigel, assistant professor of virology, 
University of Pennsylvania School of Medicine, has 
joined the Virus and Rickettsia Section of the Com- 
municable Disease Center, U. S. Public Health Service 
at Montgomery, Ala., as chief of the Virus Identifica- 
tion and Special Research units. 


D. B. Steinman, bridge engineer, has been named 
Chevalier de ’Ordre du Mérite Scientifique by the 
French government. Dr. Steinman also holds the 
Cross of Lorraine, and has been similarly honored by 
the governments of Belgium, Italy, and Greece. 


Bernet S. Swanson, assistant professor of chemical 
engineering at Illinois Institute of Technology, has 
heen appointed head of the department. Dr. Swanson 
replaces J. Henry Rushton, who will continue as pro- 
fessor in the department, and will devote his addi- 
tional time to research, writing, and consultation. 


Max E,. Tyler, bacteriologist at Camp Detrick, 
Frederick, Md., has been appointed head of the new 
Department of Bacteriology at the College of Agri- 
culture, University of Florida. 


Vernon George Vernier has been appointed research 
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associate, Pharacodynamies, at Sharp & Dohme. Dr. 
Vernier was formerly instructor in pharmacology, 
University of Illinois College of Medicine, and will 
continue his research in neuropharmacology. 


John Francis Waight, engineer of the West Mid- 
lands Gas Board, has been awarded the 1952 W. H. A. 
Robertson Medal by the Institute of Metals, London, 
for his paper “Gas Equipment for the Thermal 
Treatment of Non-Ferrous Metals and Alloys,” pub- 
lished in the Journal of the institute. Awards have 
also been made by the institute to R. D. Stacey, Uni- 
versity of Birmingham, and G. Thomas, of Cambridge 
University, for essays submitted in its Students’ 
Essay Prize Competition. 


T. Wayne Warren has joined Ethyl Corporation as 
supervisor of research in refinery technology at the 
Detroit laboratories, where he will be associated with 
research in fuel technology. Mr. Warren was formerly 
with Humble Oil and Refining Company, and has 
served as aviation fuels specialist for the Petroleum 
Administration for Defense in Washington. 


Education 


The 1953 Falk-Plaut Lectures, at Columbia Univer- 
sity, were given by Ilya Prigogine, professor of physi- 
eal chemistry and head of the Division of Advanced 
Thermodynamies and Statistical Mechanies at the 
University of Brussels. During his three weeks’ resi- 
dence at Columbia, Dr. Prigogine diseussed “Statis- 
tical Thermodynamics of Solutions and Molecular 
Theory of Liquid Helium” and “Thermodynamics of 
Irreversible Processes.” The lectureship was created 
through a gift of $100,000 from the estate of Amy 
Plaut Falk. The bequest was divided equally between 
the Department of Chemistry and the College of 
Pharmacy. 


The annual Cornell Summer Laboratory Course in 
Techniques and Applications of the Electron Micro- 
scope will be given June 15-27 in the Department of 
Engineering Physies. The course, under the direction 
of Benjamin M. Siegel, will present James Hillier 
and C. E. Hall as guest lecturers. Applications should 
be addressed to Dr. Siegel at Cornell. 


Massachusetts Institute of Technology offers the 
following summer courses: Food Technology, June 29- 
July 17, under Bernard E. Proctor; Lubrication En- 
gineering, June 16-26, under Brandon G. Rightmire; 
Principles of Textile Research, July 6—July 31, under 
Edward R. Schwarz. Ernest H. Huntress is director 
of the summer session. 


Stanford University School of Medicine will present 
the following speakers in its course of popular medi- 
eal lectures: Ernest Jawetz, Mar. 31, “Influenza: 
Past and Present;” John A. Anderson, Apr. 9, “How 
to Let Children Grow Up;” William H. Northway, 
Apr. 17, “Rehabilitation of the Polio Patient;” and 
Windsor C. Cutting, Apr. 27, “Sleep and Sleeping 
Pills.” 
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Grants and Fellowships 


AAAS Research Grants have been awarded to the 
following academies of science: Indiana, for Frank 
Welcher, of Indiana University, and Benjamin Moul- 
ton, of Butler University; Washington (D. C.), for 
Edward Haeskaylo, of the Botanical Society of Wash- 
ington; and Wisconsin, for F. C. Seymour, of Toma- 
hawk. 


The Air Force Office of Scientific Research, Air 
Research and Development Command, has established 
research projects at the following universities: Ohio 
(William D. Huntsman), Harvard (M. Kent Wilson), 
Pennsylvania (B. R. Russell), Columbia (B. O. Koop- 
man), Caltech (Fritz Zwicky and D. 8. Clark), Mac- 
Master (H. E. Duckworth), Miami (Howard L. 
Ritter), Stanford (Fliigge-Lotz), lowa State (D. L. 
Hall), Fresno State (Robert M. Kallo), Pennsylvania 
State (H. G. Lew), Illinois Institute of Technology 
(Paul L. Copeland), Ohio State (Henry B. Mann), 
Alfred (R. C. Turnbull), Texas (M. J. Thompson), 
and Virginia Polytechnic (R. W. Truitt). 


The Isaiah Bowman School of Geography at The 
Johns Hopkins University offers a $4000 postdoctoral 
teaching fellowship in geography. Teaching duties 
will not exceed four hours. Apply to the chairman 
of the school, Baltimore 18, Md. 


The Jane Coffin Childs Memorial Fund for Medical 
Research has awarded a $20,000 grant-in-aid to a Uni- 
veisity of Rochester medical research group headed by 
Elmer H. Stotz, professor of biochemistry. The grant 
will support a project in which the team will attempt 
to discover more about a new and as yet unnamed 
enzyme discovered by Dr. Stotz and his co-workers, 
to define the role of hormones in metabolism, and to 
find out what significance the new enzyme has ‘to the 
general problem of growth. 


Applications for Fulbright funds for university 
lecturing in Germany and Finland and for lecturing 
and advanced research in South Africa, Southeast 
Asia, and the Pacifie must be postmarked no later 
than Apr. 15. Full information and application blanks 
may be obtained from the Conference Board of As- 
sociated Research Councils, Committee on Interna- 
tional Exchange of Persons, 2101 Constitution Ave., 
N.W., Washington 25, D. C. 


The John and Mary R. Markle Foundation has ap- 
propriated $630,000 to be granted at the rate of $6000 
annually for five years to 21 U. S. and Canadian 
medical schools where Scholars in Medical Science will 
teach and carry on research. This brings to a total 
of over $3,200,000 the amount appropriated toward 
the scholar program since it was begun in 1948. 


The University of Virginia has received a gift from 
an alumnus for two postdoctoral and four predoctoral 
fellowships in the Department of Physics. Stipends 
range from $2500 and tuition to $5000. 
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Meetings and Elections 


The American Institute of Chemical Engineers is 
planning an international meeting for June 20-25, 
1954, at the University of Michigan. D. L. Katz is 
in charge of the technical program, and R. R. White 
will be general chairman. 


A group of students of philosophy has organized 
ARCHAI, a society for the advancement of phil- 
osophy. ARCHAI will sponsor informal discussions 
of the problems and issues that engage the interest 
of intelligent men and women and will publish a 
journal, The Modern Mind. The first meeting of the 
new society will be held Apr. 19, in 301 Philosophy 
Hall, Columbia University, at 7:30 p.m. Irwin Edman, 
Johnsonian professor of philosophy at Columbia, will 
address the gathering, and informal discussion groups 
will be arranged. Further information may be ob- 
tained by addressing the society at P. O. Box 147, 
Manhattanville Station, 309 W. 125th St., New 
York 27. 


The Billings Geological Society will hold its annual 
field conference during the first part of September 
in the little Rocky Mountain area of north-central 
Montana, with headquarters and registration at Zort- 
man. Two full days will be given to the study of 
several sections extending from the Pre-Cambrian to 
the Upper Cretaceous. Because of inadequate accom- 
modations, the society encourages the registration 
of men only, with participation limited to 200. Paul 
MeGovney, of Honolulu Oil Corporation, Billings, is 
general chairman. Those who wish to attend the con- 
ference should write immediately to J. L. Cramer, 
Stanolind Oil and Gas Company, 526 Securities 
Bldg., Billings. 


A Colloquium of College Physicists will be held at 
the University of lowa, June 17-20. E. U. Condon, 
AAAS president, will give a series of four lectures on 
the general subject of “The Physics of the Glassy 
State.” 


The Executive Board of Unesco has elected Ronald 
Adam, of the United Kingdom, chairman for the next 
two years. Frans Bender (Netherlands) and 8. M. 
Sharif (Pakistan) were elected vice-chairmen. Ge- 
ronima Peeson (Philippines) was elected chairman 
of the board’s Programme Commission, Luther Evans 
(USA) chairman of the Finance Commission, and 
Henri Laugier (France) chairman of the External 
Relations Commission. 


An International Symposium on Chemistry of Nat- 
ural Products will be held at Wayne University, July 
29-30. Gilbert Stork (Columbia University), D. H. 
R. Barton (Birekbeck College, University of London), 
O. Jeger and H. Heusser (Technische Hochschule, 
Zurich), K. J. Brunings (Chas. Pfizer & Co.), Mar- 
shall Gates (University of Rochester), G. W. Kenner 
(Cambridge University), and E. R. H. Jones (Uni- 
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versity of Manchester) will be among the participants. 
Address all inquiries to Carl Djerassi, Department of 
Chemistry, Wayne U, Detroit 1. 


The Minnesota Academy of Science will hold its 
annual meeting May 1-2 at Macalester College, St. 
Paul. Features of the meeting will be a symposium on 
“Dating of the Age of the Earth and its Biota by 
Modern Methods” and a demonstration of scientific 
projects by the Junior Academy. 


The National Vitamin Foundation has re-elected 
Norman Jolliffe, of New York City, president, and 
Robert S. Goodhart vice president and scientific di- 
rector. New vice presidents are R. W. Albright, W. 
R. MeHargue, and John E. McKeen. 


The second annual meeting of the Persian Gulf 
Medical Society will be held at Dhahran, Saudi 
Arabia, Dee. 2-3. Neal J. Conan Jr. will act as chair- 
man, and the topie for diseussion will be “Diseases 
Endemic to the Persian Gulf Area.” 


The Rocky Mountain Association of Geologists has 
elected N. Wood Bass, of the U. 8. Geological Survey, 
president, E. C. Simpson, and A. J. Crowley vice 
presidents, and Jerry M. Ewers secretary-treasurer. 


The Sociedade Brasileira de Geologia meeting in 
Porto Alegre, has elected the following officers: 
president, Aleeu Fabio Barbosa; vice presidents, Paul 
de Castro Nogueira and Emmanoel Azevedo Martins; 
secretary, Rui Ribeiro Franco; treasurer, Nicolino 
Viola. The next congress of the society will be held 
in Terezina. 


The Society of Exploration Geophysicists has elected 
Roy L. Lay, of the Texas Company, Houston, presi- 
dent; Karl Dyk, of Stanolind Oil and Gas Company, 
Tulsa, vice president; and Bart W. Sorge, secretary- 
treasurer. Milton B. Dorbrin has been named editor 
for a two-year term. 


Miscellaneous 


The American Chemical Society, at its meeting in 
Los Angeles, awarded the 1953 Garvan medal to 
Leonora N. Bilger, chairman of the Department of 
Chemistry in the University of Hawaii. Among other 
honors were the presentation of the Fritzsche award 
in the chemistry of essential oils to Max Stoll, of 
Firmenich & Company, Geneva, Switzerland; the 
Paul-Lewis Laboratories award in enzyme chemistry 
to Earl R. Stadtman, of the National Institutes of 
Health; and the Scientifie Apparatus Makers award 
in chemical education to Howard J. Lucas, of Cali- 
fornia Institute of Technology. 


Recent visitors at the USDA Eastern Regional Re- 
search Laboratory, Philadelphia, included Eladio 
Aranda Heredia, of Madrid; Rene Welter, of Ang- 
leur, Belgium; F. H. Reuter, of New South Wales 
University of Technology; and F. B. Shoreland, di- 
rector of the Fat Research Laboratory, Department 
of Science and Industrial Research, Wellington, N. Z. 
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Arthur D. Little, Inc., has appointed the following 
to its staff: Hamilton R. James and Richard A. 
Stephan (Business Research Group) ; Robert L. Stern 
(Technical Economie Survey Group); Wayland S. 
Bailey and James Farrell (Mechanical Division) ; 
Richard 8. Brenneman and Donald B. Lindsay (Pro- 
duets and Methods Group). 


Headed by James R. Killian, Jr., Massachusetts 
Institute of Technology president, a delegation of ten 
members of the Administrative Council began a three- 
day conference Mar. 23 with about 125 California 
Institute of Technology staff members. Problems of 
mutual interest concerning curriculum, poliey, pro- 
cedures, finance, and operations were discussed. 
Caltech representatives will visit MIT next vear. 


Recent visitors from abroad at the National Bureau 
of Standards included Giuseppe Dilda, University of 
Torino. Italy; Masao Yoshiki. Tokyo University; 
Magdalena Startz, K. G. Niederpleis iiber Sieburg, 
Germany; S. Ingvar Svensson Gothenburg, Sweden; 
W. H. Steel, Australian National Standards Labo- 
ratory, Sydney; C. J. Bouwkamp, Eindhoven, Nether- 
lands; Leonard S. Beckett, N. S. W., Australia; Igal 
Talmi, Israel; Mukti Prosad Mukheji, New Delhi, 
India; G. Pearmain, London; and Maurice Bonzel, 
Jean Chaudouet, Pierre Husson, Michel Jeanmaire, 
Maurice Laudet, Emile Robbe, and Johannes Wehren- 
berg, all of France. 


Otto Neugebauer, of Brown University, has been 
awarded the $5000 Dannie Heineman Prize, for his 
book The Exact Sciences in Antiquity, published in 
1952 by the Princeton University Press. The award 
is given every three years for an outstanding book in 
the mathematical or physical sciences. 

Stanford Research Institute has organized a party 
of research executives who sail from New York Apr. 
22 to spend a month in a tour of technical and re- 
search centers in Italy, Switzerland, and France, 
with a view to utilizing foreign laboratories for their 
research programs. Tour leader will be Weldon B. 
Gibson, SRI director of economies research and 
manager of the International Division. 


The Edgar D. Tillyer Medal, a biennial award 
created by the American Optical Company, will be 
given by the Optical Society of America for out- 
standing contributions in the field of vision. Presenta- 
tion of the dies for the medal was made during the 
society’s annual meeting at a banquet at which Dr. 
Tillyer was a guest. The medal is a tribute to the 
achievements of his 37-year career in research for 
American Optical, and will be awarded for the first 
time in 1954. 


The Tropical Research Foundation is sending a 
group of scientists under the direction of Viola Mae 
Young, former parasitologist of Cook County Hospi- 
tal, Chicago, to Jamaica and Curacao to study 
amebiasis and infantile diarrhea. Dr. Young replaces 
Oscar Felsenfeld, who has been called for active duty 
in the U. S. Army Medical Corps. 
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Some Biometric Observations on Cacao Fruit 


J. R. Kuppers 


Tropical Research Department, United Fruit Company, 
La Lima, Honduras 


During a program directed toward the selection of 
cacao trees of superior characteristics as parent stock 
for vegetative propagation of new planting material, 
a large amount of data derived from various physical 
measurements on cacao fruit was accumulated. These 
data were examined statistically to obtain a simple 
measurement that would serve as an index to the yield 
of dry cacao from an average fruit of a particular 
tree. The yield of dry cacao per tree is dependent 
upon the fruit produced and the weight of dry cacao 
per fruit. Direct determination of the former is rela- 
tively simple when compared with the latter. There- 
fore, a good indicator of the weight of dry cacao per 
fruit would be of value in selecting high-yielding 
stock. 

The measurements analyzed in this study were made 
on samples containing 6-15 (an average of 10) fruit 
per sample. Trees were selected in the field on the 
basis of fruit counts and apparent disease resistance. 


TABLE 1 


Sravistics oF Four ATTRIBUTES MEASURED ON 70 
SAMPLES* OF FRUITt 


Av wt A Av wt 
indi- ae Av no. dry 
vidual 
vidual aes seeds/ eacao/ 
fruit a fruit fruit 
(g) (g) 
(g) 
Mean 551 1.32 34 45 
Median 517 1.27 34 43 
Range 314-892 0.78-2.31 14-42 22-84 
Coefficient of 
variation 28% 23% 15% 22% 


* 6-15 (av 10) fruit per swmple: 
+ Fruit harvested from trees in an old seedling population 
on the basis of fruit counts and apparent disease resistance. 


These trees, 20 or more years of age, were located on 
farms representing the greater portion of plantings in 
the Bocas del Toro Province of Panama. They were 
derived from hybridization of Forestero and Criollo 
varieties of Theobroma cacao, with Forastero charac- 
teristics predominating. The fruit samples were care- 
fully harvested at maturity (after the pulp surround- 
ing the seeds became semiliquid and before the seeds 
sprouted) and were transported immediately to a 
laboratory, where the seeds were removed, processed, 
and dried so as to yield cacao containing 7+1% shell 
and 6+1% moisture. 

The following measurements were made on 70 sam- 
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ples of fruit: (1) average weight of individual fruit, 7 
(2) average weight of individual dry seeds, (3) aver- 
age number of seeds per fruit, and (4) average weight ” 
of dry cacao per fruit. The mean, median, range, and © 
coefficient of variation of measurements of these four | 
attributes were computed. As seen in Table 1, the 
average number of seeds per fruit was the least varia- 
ble attribute, and the mean coincided with the median, 7 
The variations of the remaining three attributes were 
considerably greater and their means were higher than | 
their medians. This undoubtedly means that trees 


bearing unusually heavy fruit, seed, or yield of dry a 


cacao per fruit were selected more frequently than 
trees with unusually low values for these attributes. 


TABLE 2 
RELATIONSHIPS OF FouR ATTRIBUTES MEASURED ON 
70 SAMPLES OF CACAO FRUIT 


Avwt 
indi- indi- Ay no. 
died vidual seeds / 
fruit dry fruit 
seeds 
Av weight Coefficient of 
of dry correlation  0.59* 0.86* 0.50* 
eacao/ Coefficient of 
fruit regression 0.0477 34% 1.308 
*P=001, 


+g dry cacao/g of fruit. 
te dry cacao/g dry seed, 
$e dry cacao/seed. 


The relationships of average weight of dry cacao 
per fruit to the average weight of individual fruit, 
average weight of individual dry seeds, and number of 
seeds per fruit are shown by coefficients of correlation 


and regression in Table 2. The average weight of dry 


cacao per fruit is significantly correlated with the re- 
maining three attributes. The most dependable index 
to this factor, however, is the average weight of in- 
dividual dry seeds. In attempting to predict the aver- 
age weight of dry cacao per fruit from the average 
weight of individual dry seeds; the standard error of 


estimate is 6 g. This is one half the standard deviation 


of the former attribute. 
Pound (/, 2) investigated the variability of numer- 


ous physical measurements on cacao in Trimdad, but 
he made no attempt to correlate the attributes dis- 
cussed in this study. To the writer’s knowledge, no 
simple index to the yield of dry cacao per fruit has 
been developed. Nevertheless, those concerned with the 
selection of high-yielding cacao are aware of the im- 
portance of considering this factor of over-all yield. 


Since dry seed weight is closely correlated with yield 


of cacao per fruit, we can conclude that the size of 
the fresh seeds as judged visually in the field is also 
a good index to this factor. If we use large seeds 


(along with fruit production of the tree) as a eri- 
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terion for selection of high-yielding trees, we satisfy 
at the same time the desire of chocolate manufactur- 
ers for large, plump seeds. 
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The Enzymatic Conversion of Lactose into 
Galactosyl Oligosaccharides 


John H. Pazur 


Department of Biological Chemistry, University of Illinois 
College of Medicine, Chicago 


The enzymatic synthesis of oligosaccharides from 
the disaccharides, suerose and maltose, has been re- 
ported from several laboratories (/—5). Experiments 
with labeled substrates (6, 7) have shown that these 
oligosaccharides arise through transfructosidation and 
transglucosidation reactions. In this communication, 
we shall report preliminary studies on the enzymatic 
conversion of lactose into a series of galactosyl oligo- 
saccharides. Evidence from tracer experiments indi- 
eates that a transgalactosidation mechanism is in- 
volved in the synthesis of the new oligosaccharides. 
From a consideration of the products of partial acid 
hydrolysis of the oligosaccharides and their aldonic 
acid derivatives, it appears that two of the new ecom- 
pounds are disaccharides (glucose-galactose and galac- 
tose-galactose) and two are isomeric trisaccharides 
(glucose-galactose-galactose ) . 

Ten g CP lactose in 100 ml of water was treated 
with 100 ml of a 2% solution of a yeast enzyme prepa- 
ration.' At the end of 24 hr the digest was heated in 
a boiling water bath for 5 min. The products in the 
digest were resolved by paper chromatography (8). 
ixamination of the paper chromatogram (Fig. 1) re- 
vealed the presence of the new oligosaccharides. These 
oligosaccharides were not synthesized from glucose 
and galactose since an enzymatic digest of these sub- 
strates contained no new compounds. Further, a blank 
of the enzyme and the lactose showed that the oligo- 
saccharides were not present in the original solutions. 
It is noted, however, that the enzyme blank contained 
two monosaccharides (fructose and glucose) as con- 
taminants. Dialysis of the enzyme removed not only 
the monosaccharides but also some essential cofactor 
of the enzyme. 

The new oligosaccharides (1, II, IIIT, and were 
isolated by paper chromatographic procedures previ- 
ously deseribed (7). Hydrolysis of the pure com- 
pounds in 0.1 N HCl showed that Compounds I, ITT, 
and IV are composed of glucose and galactose resi- 

1The yeast concentrate “Lactase B” was kindly supplied by 
Rohm & Haas Co., Philadelphia, Pa. This concentrate 


possessed the transferring activity described in this report, 
as well as hydrolytic (lactase) activity. 
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Fic. 1. A multiple ascent paper chromatogram of the lac- 
tose digest, of lactose and enzyme controls, and of the pure 
galactosyl oligosaccharides. 


dues and that Compound II is composed of galactose 
residues. As judged from the intensity of the spots 
on the paper chromatogram, the glucose-galactose 
ratios appeared to be 1:1 for Compound I and 1:2 
for Compounds ITI and IV. 

Two further lines of evidence point to the structure 
of the oligosaccharides. First, the apparent Ry values 
of the pure compounds (Fig. 1) are typical of oligo- 
saccharides composed of two or three monosaccha- 
ride units joined through 1,4 or 1,6 glycosidic bonds 
(7, 9). Second, partial acid hydrolysis of the com- 
pounds and their aldonie acids yields the reducing 
products listed in Table 1. These hydrolytic products 
have been tentatively identified by a comparison of 
their Ry values with those of pure reference com- 
pounds. The structures suggested by these findings 
are: glucose-6,l-galactose for Compound I, galactose- 
6,1-galactose for Compound IT, glucose-4,1-galactose- 
6,1-galactose for Compound III, and glucose-6,1-ga- 
lactose-6,l-galactose for Compound IV. 

There is a marked similarity in the mode of action 


TABLE 1 


RepvucING Propucts OBTAINED ON PARTIAL Acip Hy- 
DROLYSIS OF THE GALACTOSYL OLIGOSACCHARIDES 
AND THEIR ALDONIC ActpD DERIVATIVES 


Oligosaecharides Reducing products 

Compound I 

Aldonie acid of Com- 
pound I 

Compound II 

Aldonie acid of Com- 
pound IT 

Compound IIT 


Glucose, galactose 


Galactose 
Galactose 


Galactose 

Glucose, galactose, lactose, 
Compound IT 

Aldonie acid of Com- 
pound III 

Compound IV 


Galactose, Compound IT 

Glucose, galactose, Com- 
pound I, Compound II 

Aldonie acid of Com- 
pound TV 


Galactose, Compound IT 
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of the A. oryzae transglucosidase (7) and the enzyme 
involved in these reactions. In the former, glucose 
units of maltose are transferred to the cosubstrates 
glucose, maltose, isomaltose, and panose, whereas in 
the latter galactose units of lactose are transferred to 
the cosubstrates glucose, galactose, lactose, and Com- 
pound I. Radioactive cosubstrates have been used to 
substantiate the proposed transgalactosidie mechanism 
of action of the new enzyme. Thus C'*-glucose in- 
eluded in the digest appeared in Compounds I and 
IV, and C"4-galactose appeared in Compound II. 
These studies are being continued in our laboratories. 
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Chromatographic Separation of Estrone, 
Estradiol, and Estriol 


Joel Bitman and J. F. Sykes 


Bureau of Dairy Industry, Agricultural Research 
Administration, U. S. Department of Agriculture, 
Washington, D. C. 


The estrogens appear to be present in human and 
cattle blood in extremely small concentrations, of the 
order of 3-8 pg/l whole blood (1, 2). The determina- 
tion of the three natural estrogens in blood requires 
quantitative methods for their separation and estima- 
tion. The object of this report is to present a method 
suitable for routine use for the quantitative separation 
of estrone, estradiol, and estriol at this microlevel. The 
following work has been carried out with pure erys- 
talline estrogens, as a preliminary to the application 
of the method to the estrogens in blood. 

Partition chromatography has been used for the 
separation of closely related compounds that show a 
difference in partition coefficients (3). Recently a 
method for the separation of estrone and estradiol 
by partition chromatography was reported (4). A 
NaOH solution adsorbed on Celite forms the station- 
ary phase, and benzene the moving phase. A similar 
system, also using NaOH-Celite and benzene, was used 
earlier by another group (5) for the separation of 
certain estrogen isomers. The method proposed by the 
British workers proved to be more effective in our 
hands in accomplishing the estrone-estradiol separa- 
tion. 

It seemed valuable from the standpoint of the num- 
ber of manipulations, time, and magnitude of losses, 


356 


to effect a separation of all three estrogens on one 
column in one operation. Because of the more hydro- 
philic character of estriol, as compared with estrone 
and estradiol, it is not eluted from, the NaQH-Celite 
phase by benzene. It was recognized that a more fav- 
orable partition system was necessary for the sepa- 
ration of estriol. This can be achieved by two meth- 
ods: a change in the moving phase, and/or a change 
in the stationary phase. A separation of all three es- 
trogens has recently been reported by the British 
group (6), utilizing a change in the moving phase to 
accomplish the separation of estriol. The eluent used 
was chloroform-butanol (3:1). This procedure, or 
the use of acetone, ethylene dichloride, or methanol 
as eluents, did not prove as satisfactory as the method 
reported below, because of the elution of a large 
amount of butanol-soluble material in the estriol 
fraction. Accordingly, the second approach, a change 
in the nature of the stationary phase, has been used 
in the technique developed in our laboratory. It was 
discovered that estriol could be eluted by benzene from 
a less alkaline stationary phase consisting of Celite 
to which water rather than NaOH had been added. 
It occurred to us that after use of the NaOH-Celite 
column to separate estrone and estradiol, it could be 
changed to the less alkaline water-Celite or NaHCO,- 
Celite column by reaction with gaseous HCl or CO,. 
Kstriol is then readily eluted by benzene from these 
systems. These modifications were carried out success- 
fully, and, because of the greater safety in handling 
CO,, it has been used routinely to modify the parti- 
tion characteristics of the column. 

The chromatographic conditions of Swyer and 
Braunsberg (/) were used, and the columns were pre- 
pared according to the careful description of Haenni, 
Carol, and Banes (7) for preparations of this type. 
A West-type straight condenser (ID, 10.8 mm), with 
stopcock at the reciving end, was employed as a chro- 
matographie tube. This allowed the temperature of 
the column to be controlled at 24° +2° C by cireu- 
lation of water of the appropriate temperature 
through the condenser. The column is filled with ben- 
zene (CP benzene-thiophene-free is shaken 6 times 
with sulfuric acid and redistilled), and fine glass wool 
(Fiberglas, Corning) is packed into the constriction 
above the stopcock. Three g¢ Celite 535 (Johns-Man- 
ville) and 25 ml benzene in a small beaker are thor- 
oughly mixed with 2.4 ml 2.3 N NaOH for several 
minutes. The stopcock is opened enough to permit 
slow drainge, and the Celite mixture is transferred to 
the tube in small portions, with a spatula. A floceu- 
lent suspension is formed by slowly working the pack- 
ing rod (a glass rod flattened at one end to a circular 
head with a clearance of 1.0 mm in the adsorption 
tube) up and down as a piston through the Celite 
mixture, The Celite is then gently compressed with 
the rod to form a uniform pack with a sharply de- 
fined level surface. The mixture fills the tube to a 
height of 125 mm +5 mm. 

Suitable aliquots (containing 2-10 y) of solutions 
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of crystalline estrone,’ estradiol,’ and estriol? in aleo- 
hol-toluene (1 : 19) are transferred to a small round- 
bottom flask, and the solvent is evaporated to dryness 
in vacuo at room temperature. The residue is dis- 
solved in a small volume (1-2 ml) of benzene and dis- 
charged onto the column just as the benzene drains 
below the top surface of the Celite. The transfer is 
completed by repeating with an additional portion 
of benzene. The tube is then filled with benzene and 
the stopeock adjusted so that a flow rate of 2.5-3.0 
ml/min is attained. 

Estrone exhibits the greatest rate of elution and 
appears in the eluate after a forerun of 30 ml of ben- 
zene (Fraction I). It is completely recovered in the 
following 80 ml of benzene (Fraction II). A clear 
zone of 10 ml of benzene (Fraction ITI) follows be- 
fore the appearance of estradiol. An additional 90 ml 
of benzene (Fraction IV) is sufficient to elute the diol. 


losses which occur when alcohol, the usual diluent in 
steroid procedures, is employed with or without the 
use of a stream of N. (8). Two tenths ml alecohol- 
toluene (1:19) is added to the residue in the test 
tube, and the estrogens are analyzed by the fluori- 
metric procedure of Engel et al. (9). The fluorescence 
is measured in a Colemen Model 12 photofluorometer 
with a lamp filter transmitting at 436 mu (Corning 
#3389 and Corning #5113 glass filters) and photo- 
cell filter transmitting at 525 mu (Baird 525 mp inter- 
ference filter + Corning #3385 glass filter). Standards 
were run in each fluorometric analysis. Estrone, estra- 
diol, and estriol are the standards of comparison for 
the fluorescence exhibited by Fractions II, IV, and V, 
respectively. 

The entire collection period requires either 1.0 or 
2.0 hr, depending on whether pressure or gravity flow 
is used in the elution of estradiol and estriol; prepa- 


TABLE 1 
PARTITION CHROMATOGRAPHY OF ESTROGENS ON NAOH-CELITE AND NAHCO,-CELITE COLUMNS 


y of estrogen chromatogrammed 


Av. % recovery of estrogen in benzene fraction 


Estrone Estradiol Estriol (30 ml) (80 ml) (10 ml) (90 ml) (100 mi) 
A 7 10 0 0 0 99.7 
B 6 0 10 0 0 0 0 99.4 hen 
Cc 3 0 0 10 0 0 0 0 99.9 
D 1 10 10 0 0 90.5 0 102.0 _ 
E 1 5 5 0 0 113.0 0 103.0 — 
F 5 2 2 0 0 104.0 0 95.5 — 
G 2 5 5 5 0 97.1 i) 95.5 99.8 
H 6 2 2 2 0 93.4 “ 91.6 102.1 
Mean 98.77 96.17 101.07 
Standard deviation + 7.52 + 8.02 + 7.86 
Range 84.5-113.0 82.5-110.0 


89.3-112.5 


* Fraction V represents the eluent from the modified NaOH-Celite column. 


This elution can be completed in a few minutes by 
applying N, under pressure to the column. Estriol 
cannot be eluted from the NaOH-Celite system by 
benzene, and the system is therefore modified to per- 
mit its recovery. Gaseous CO, is bubbled up through 
the chromatographie column at the rate of 30 ce/min 
for a period of 5 min; 100 ml of benzene (Fraction 
V) then elutes the estriol. The elution of estriol can 
also be facilitated by the use of N, or CO, under pres- 
sure to force the benzene through the column. The 
effluents are collected in graduated cylinders, trans- 
ferred to round-bottom flasks, and evaporated to dry- 
ness under reduced pressure at bath temperatures not 
exceeding 50° C. 

The residues are dissolved in a measured volume of 
ethyl ether, (purified daily by shaking with ferrous 
sulfate and redistilling), and an aliquot is transferred 
to a fluorometer tube for analysis. The ether can be 
evaporated to dryness in 15-20 see on a warm (60° C) 
water bath, and the ether vapors exclude air from the 
tube during evaporation. This step avoids oxidative 

1Estrone and #-estradiol were generously supplied by 


Edward Henderson, of the Schering Corporation. 
*Estriol from Parke, Davis & Company. 
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ration of the column, 0.5 hr; fluorimetry, 0.5 hr; and 
evaporation of the benzene from the eluates, 0.5-0.75 
hr. Thus, in either 3 or 4 hr, a quantitative separa- 
tion and estimation of microquantities of estrone, es- 
tradiol, and estriol can be accomplished. 

Table 1 contains a summary of the results obtained 
when 2-10 y amounts of estrone, estradiol, and estriol 
were chromatographed separately and together. It is 
apparent that the NaOH-Celite system is adequate for 
the separation of estrone from estradiol (Expts. A, 
B, D, E, F). The presence of a forerun and a distinet 
intermediate “clear” zone between the two estrogens 
should be a valuable aid in purification. Expt. C dem- 
onstrates that estriol is not eluted from the NaOH- 
Celite column by benzene. After modification to a 
NaHCO,-Celite column with CO,, the estriol is read- 
ily recovered in the benzene effluent. Expts. G and H 
illustrate the separation of 2 and 5 y quantities of the 
three estrogens. The over-all accuracy appears satis- 
factory as judged by the means and standard devia- 
tions of the reeovery of estrone, estradiol, and estriol. 

The modified partition chromatography method de- 
scribed here quantitatively separates 2-10 y amounts 
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of the three estrogens. The partition column is of 
small size and is simple, rapid, and uncomplicated in 
operation. The application of this method to the de- 
termination of the microquantities of estrogens pres- 
ent in blood is now in progress. 


References 


1, Szeco, C. M., and Roperts, 8. Proc. Soc. Eaptl. Biol. 
Med., 61, 161 (1946). 

2. Roserts, 8., and Szeco, C. M. Endocrinology, 39, 183 
(1946). 

3. Martin, A. J. P. Symposia Biochem. Soc., 3, 4 (1949). 

4. Swyer, G. I. M., and Braunsserc, H. J. Endocrinol., 7, 
Ix (1951). 

5. Carou, J., E. O., and Bangs, D. J. Biol. Chem., 
185, 267 (1950). 

6. Stern, M. L., and Swyer, G. I. M. Nature, 169, 796 
(1952). 

7. Haennt, E. O., Caro, J., and BANges, D. J. Am. Pharm, 
Assoc., Sci. Ed. (in press). 

8. BiITMAN, J., and Sykes, J. F. Uupublished results (1951). 

9. ENGEL, L. L., et al. J. Biol. Chem., 185, 255 (1950). 


Manuscript received August 18, 1952. 


Induced Emigrations Among Small Mammals 


John B. Calhoun and William L. Webb 


Neuropsychiatry Division, Army Medical Service Graduate 
School, Walter Reed Army Medical Center, 

Washington, D. C., and College of Forestry, 

State University of New York, Syracuse 


This study of the effect of intensive trapping over 
a large area upon the members of the surrounding 
population consists of two experiments. One of them 
was conducted on Mount Desert Island, Me., during 
the summer of 1950; the second, in the Huntington 
Wildlife Forest near Newcombe, N. Y., during the 
summer and fall of 1951. The predominant genera of 
mammals inhabiting these forested areas are Pero- 
myseus, Clethrionomys, Blarina, and Sorex, which 
may be considered as a biological unit designated 
as “small mammals.” 

The population was reduced by the rapid removal 
of individual animals from the study areas by oper- 
ating groups of trap lines. Each trap line consisted 
of 20 stations 50 feet apart, with 3 traps at each 
station. The several trap lines in each location were 
distributed so that they formed a rough rectangle. In 
each ease the distribution was such that the popula- 
tion resident on 40-80 acres was reduced nearly 60% 
during the first 3 days of trapping. On the Maine 
location, 8 trap lines were used, making a total of 
480 traps set each night. The term “trap night” will 
be used to indicate one trap set one night. On the 
Maine location trapping was run for 15 consecutive 
days with a terminal 3-day period of trapping follow- 
ing a 5-day interval. On the New York location, four 
trap lines were set during the first 10 days. Two were 
placed in the form of a cross on each of the opposite 
corners of a quarter-section. From the 11th through 
the 33rd day, 5.3 trap lines within and at the other 
two corners of the quarter-section were added. Al- 
though this procedure increased the area of sampling, 
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AVERAGE TRAP LINE 


MEAN 20° APPROX. NO.OF LINES a 
We MANE 6.85 6.70 2s 104 
© 23.31 2288 39 


CATCH PER DAY 


Fic. 1, Average trap lines for Maine and New York. Data 


for Maine cover 104 trap lines run during 1949, 1950, and 


1951. Data for New York cover 39 trap lines run during 1951, 
Were the approximate probability of capture (P=.25) te 
eontinue on later days without invasion, the resident popula- i 
tion exposed to an average trap line woukl be indicated by | 
the intersection of the abscissa by the lines drawn through ? 
the first 3 days’ captures. } 


The study on the Maine location was conducted by 
A. Dexter Hinckley under the supervision of John B. 
Calhoun. The study on the New York location was 


it did not appear to alter the trend of the results. ’ 


In both locations large numbers of trap lines have 
been run at other sites within the same general 
habitat, and the resultant data (Fig. 1) reveal the 
general effect that this method of trapping has upon | 
the resident. population. The population at the Maine 


conducted by ‘William L. Webb and Earl F. Patric. | 


location was less than one third that in New York. il 


The ¢ test of the significance of the difference between 
the mean population densities of the two areas has 
a probability of less than .001. In both areas, the 
trend of decrease through the first 3 days was such 
as to indicate an approximate probability of capture 
of 0.25—i.e., on the initial day 25% of the popula- 
tion is removed, and on each succeeding day 25% of 
those remaining is removed. Were there no invasion 


CATCH PER 100 TRAP NIGHTS 
o 


j 
10 20 25 30 35 
DAY OF TRAPPING 


Fie, 2. Observed and expected sequeaces of captures in 
Maine and New York arising from continuous trapping be- 
yond 3 days. The left-hand exponential curves are approxi- 
mated expected curves had there been no invasion of the 
trapped area, where the catch for the first 3 days is 58% of 
the residents, and where the probability of capture is 0.25. 
The observed curves are 3-day moving averages, with the 
exception of the last 3 days for Maine, which are the observed 
captures. There was no trapping in Maine on days 16 through 
20. The 425 animals taken in Maine and the 855 taken in 
New York are shown in terms of catch per 100 trap nights 
for the sake of a better comparison. 


Science, Vol. 117 


from 
be es 
showi 
able 
trap 
In 
mova 
hand 
show 
the 
The } 
days 
resid 
eatio’ 
23 di: 
tion. 
whicl 
vasio 
vasio 
16th- 
days 
a re 
18th 
Se 
tive | 
of 
conti 
tance 
feet. 
sure 
trap 
othe 
othe: 
days 
the | 


| 
i NUMBER PREVIOUSLY CAUGHT 
bors 
Si 
sor 
—— NEW YORK habi 
—— 
at a 
potl 
4 vaeu 
\ rang 
v cent 
2 bors 
ical 
livin 
high 
plet 
econ 
oneig 
one 
cep 
situ 
mer 
alte 
affe 
Api 


from surrounding areas, the resident population would 
be essentially removed at the end of 10 days. Data 
showing similar results to those of Fig. 1 are avail- 
able for approximately 1000 of these standardized 
trap lines 

In contrast with the hypothetical trends in the re- 
moval of resident populations, shown in the two left- 
hand exponential curves in Fig. 2, the observed trends 
show that there was a marked invasion accompanying 
the continuous trapping in each of the two locations. 
The number of invaders in Maine during the first 23 
days was five times that of the caleulated original 
resident population. Similarly, on the New York lo- 
cation the number of invaders during the period of 
23 days was 2.3 times the calculated resident popula- 
tion. It will be noted that in the New York location, 
which had the higher relative density, the rate of in- 
vasion was lower than in Maine. In both places in- 
vasion appears to have stopped sometime after the 
16th-18th day. In New York there was a period of 6 
days in which the captures seem to have been merely 
a removal of those animals that had arrived by the 
18th day. Later there was a slight secondary invasion. 

Several concepts may provide the basis for a tenta- 
tive hypothesis to explain this invasion. The first point 
of consideration is the extent of the area depleted by 
continuous trapping. In each case the minimum dis- 
tance across the trapping area slightly exceeded 1000 
feet. We assume that this distance is sufficient to in- 
sure that untrapped animals living to one side of the 
trapping area are unable to detect the presence of 
other untrapped individuals on the opposite side. In 
other words, there was produced through the initial 3 
days of trapping a “biological vacuum” insofar as 
the frequency and intensity of perception of neigh- 
bors were concerned. 

Since small mammals move into the denuded area 
so rapidly, it is suspected that shifting the place of 
habitation is a response directly related to the relative 
intensity, frequency, or both, of perceiving neighbors 
at a distance. There are at least two alternative hy- 
potheses to explain movement into the biological 
vacuum. First, as each animal moves about its home 
range, it must from time to time perceive its neigh- 
bors. If an avoidance response were to result from 
these perceptions, each individual would tend to ¢on- 
centrate its activities at some distance from any neigh- 
hors. In the case of the artificially produced biolog- 
ieal vacuum, the center of activity of those individuals 
living on the periphery will shift away from the 
higher concentration of neighbors and toward the de- 
pleted area. Second, each individual may become 
conditioned to a certain pattern of perception of 
neighbors about its home range. This pattern may be 
one of unequal intensity, or unequal frequency of per- 
ception in various directions. This is an anticipated 
situation where irregularities in the physical environ- 
ment affect density of distribution. Where there is an 
alteration in the pattern in any direction, the animal 
affected will shift its home range in such a way that 
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the pattern or ratio of frequency of perceiving its 
neighbors will remain the same, although the absolute 
level of intensity of the stimuli in question may be 
altered. Thus, when a biological vacuum suddenly ap- 
pears at one side of an animal’s home range, it will 
move in the direction of this depleted area as if in 
an attempt to encounter again the stimuli produced 
by neighbors. It may well be that both intensity and 
pattern alterations in perception are simultaneously 
involved. 

Whatever the exact mechanism underlying the re- 
sponse, those animals living just peripheral to the 
area subject to continuous trapping do move into it. 
As soon as the shift occurs, the next group living still 
farther away must move into the area just vacated by 
the previous group. Through this process a biological 
chain response is established whereby a simultaneous 
movement toward the central depleted area extends 
for a considerable distance away from the periphery 
of the trapping area. 

If the inward movement covers a constant distance 
per day, one would expect that the number of in- 
vaders captured in the central area would increase 
daily, because consecutive bands of equivalent width 
(w) but lying at even greater distances from the 
periphery of the depleted locality increase in area at 
a constant rate of 2 xw*. Thus, where density is pro- 
portional to area, an increasing catch per day might 
be anticipated. These generalizations are based upon 
the hypothetical use of a circular depleted area. 

A trend toward an inereasing catch on successive 
days is evident in the data from both locations (Fig. 
2). At least this applies from the third day approxi- 
mately through the 15th-18th. The fluctuations in the 
trend may well be dependent upon fluctuations in 
density through the habitat, as well as upon the effect 
of variations in the weather on the movement of the 
animals with reference to the traps. 

Fig. 2 shows that the increase in catch per day was 
greater in Maine than in New York. Just the reverse 
might have been anticipated wpon the basis of the 
greater density in New York, had all other factors 
affecting the invasion been the same. Our present data 
are inadequate to offer any explanation for the pos- 
sible existence of an inverse relationship between den- 
sity and rate of invasion. The causes of difference in 
rate of invasion most probably must be sought among 
factors that alter the distance (w) moved per day 
during invasion, or that affect the proportion of the 
population set in motion. 

Many other studies (2, 3) have reported data con- 
cerning the capture of small mammals from a central 
area exposed to continuous trapping. These studies 
differ from ours in that the diameters of the areas 
were much more limited, ranging in general from 1 
to 10 acres. In the ease of smaller tracts there is only 
a gradual drifting in of nonresidents, in contrast to 
the more marked invasion observed in the present 
studies. The absence of any marked invasion, we be- 
lieve, is attributable to the ability of the animals to 
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detect others across the smaller depleted area. We 
have under way several more extensive and refined 
experiments designed to elucidate the above hypothe- 
ses, as well as to provide data on some variables not 
discussed here. 
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Heterotransplantation of Human Tumors 
Into Cortisone-treated Rats 


Cornelia Hoch-Ligeti and Y. T. Hsii 


Department of Pathology, University of Virginia 
School of Medicine, Charlottesville 


Ever since the experiments of Murphy, starting in 
1914 (1), the role of the lymphocytes of the host in 
the resistance to heterotransplantation has been the 
subject for intensive investigations. The production of 
antibodies by lymphocytes has been established (2), 
and the release of immune y-globulin from lympho- 
cytes demonstrated (3, 4). Murphy observed the per- 
sistenece of transplanted mice tumors in x-irradiated 
rats (5). Recently it has been shown (6) that large 
doses of x-ray to rats and mice make these animals 
receptive to heterotransplantation of human tumors, 
and successive transplantations were carried out. The 
success of this experiment, as of those of Murphy, 
was related to the reduced lymphocyte counts of the 
irradiated animals. Prior to this experiment, trans- 
plantation of human tumors was successful only when 
it was carried out in the anterior chamber of the rab- 
bit eye (7, 8). 

As the administration of cortisone results in a 
greatly reduced lymphocyte count, heterotransplanta- 
tion of human tumors in cortisone-treated rats was 
attempted. It was found previously by Foley and Sil- 
verstein (9) and by Howes (/0) that the strain- 
specifie resistance to transplantation of tumors in mice 
is greatly impaired by treatment with cortisone. 

Biopsy material of human tumors was transplanted. 
Generally no more than 10-15 min elapsed between 
the removal of the tumor, establishing of the diagno- 
sis by frozen section, and transplantation of the tissue 
into cortisone-treated rats. The tumor was cut into 
small fragments and transplanted, by the use of a 
trochar (1-2 mm diam), subcutaneously into the left 
inguinal region of 3 or 4 treated rats. The pretreat- 
ment of the rats varied because of the irregularity of 
the receipt of suitable material from the operating 
theatre. As rats had to be kept prepared, the number 
of injections before the transplantation varied be- 
tween one and four. Young Wistar rats, mostly fe- 
males, at the age of 4—6 weeks, were used. The rats 
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TABLE 1 
= Se Ss & 
22 2.2 
eae E+ 2 
Sa $a Se 
= é os és és 
Zs Zs As 
Caneer of 
bronchus 4 2 3 1(4)* 1(12) 1(16) 
Caneer of 
breast 3 a 2 1(8) 
Metastasized 
lymphnode 
cancer of 
bronchus 3 2 2 2(13) 
Cancer of 
breast 3 3 3 1(10) 
Juvenile 
melanoma 3 4 3 2(8) 
Caneer of 
breast 3 1 4 1(12) 
Cancer of 
esophagus 3 3 3 2(8) 
Cancer of 
kidney 3 2 3 0(7) 
Ependymo- 
blastoma 3 3 3 2(12) 


* Figures in parenthesis represent the days after trans- 
plantation at which the rats were killed. 


received 25 or 12.5 mg of aqueous suspension of cor- 
tisone acetate subcutaneously at 2- or 3-day intervals. 
No untoward effects were manifest in the rats except 
for retardation in growth. Nine tumors were trans- 
planted. Table 1 shows the origin of tumors trans- 
planted and the results. Photomicrograms of tumors 
are given in Figs. 1 and 2. Rats were killed 4-21 days 
after transplantation, but as a rule after 8 days. The 
skin and muscle around the transplant were examined, 
and any nodules found were studied histologically. 
With the exception of one rat, killed 4 days after 
transplantation, no inflammatory reaction was found 
around the transplant. The survival of the trans- 
planted tissue was judged by the size of the trans- 
plant, by the healthy oceurrence of the tumor cells, 
and by the presence of mitoses in the sections. Reliable 
evidence for growth are the mitoses found several days 
after transplantation. The size of the transplants in- 
creased during the days following transplantation and 
was 4-5 times that of the original size after 10-14 
days. The increase in size alone, however, cannot be 
taken as a measure of the growth of a transplant, since 
fibroblastic proliferation of the host tissues may also 
participate. No serial transplantation was attempted. 
Out of 9 tumors transplanted into 28 rats, positive 
results were obtained with 8 tumors in 14 rats. A 
carcinoma of the kidney was the only tumor not trans- 
plantable to any of the rats. This tumor was heavily 
infected. None of the tumors grew in all rats to which 
they were transplanted; the highest take was 3 out of 
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4 rats. The tumors seemed to regress 19-20 days after 
transplantation. A transplant of a bronchogenic ear- 
cinoma investigated 21 days after transplantation 
showed marked fibrosis and only a few degenerating 
tumor cells. Also, no inflammatory reaction was seen 
around this transplant. Two other transplants of the 
same tumor were found persistent in rats killed 8 
days after the transplantation. Transplants into one 
group of rats not treated with cortisone was unsue- 
cessful. 


Fic. 1. Ependymoblastoma: Left, 
right, 


original tumor, 
transplant 12 days old. Note mitosis. 


x70; 


Fic. 2. Bronchogenic carcinoma : Left, original tumor, « 300 ; 
right, transplant 12 days old. Note mitosis. 


In two rats with successful grafts, blood counts of 
the heart blood were made at the time each animal 
was sacrificed. The total blood count in one rat was 
1900 leucocytes, with 10% lymphocytes; in the other, 
the count was 1900 leucocytes and 7% lymphocytes. 
The number of leucocytes in normal rats is 12—15,000, 
with 65-75% lymphocytes. The red blood cell count 
was about 

Other changes found in cortisone-treated rats were 
the reduction in the size of adrenals, spleen, and 
thymus. In the spleen a very marked increase of the 
giant cells was observed, An increase in the number 
of splenie giant cells after transplantation of chemi- 
cally induced tumors in mice was studied by Parsons 
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et al. (11, 12). In 4 rats, killed 9-14 days after trans- 
plantation, marked dilatation of the pelvis of the kid- 
ney was found, and in the histological preparation a 
corresponding dilatation of the collecting tubules was 
observed. In all rats, a marked development of the 
mammary tissue was found. The ovaries contained 
ripening follicles, but no corpora lutea. 

It is as yet impossible to state whether the survival 
of human tissue transplants in rats is directly con- 
nected with the disappearance of lymphocytes of the 
circulation or whether a disturbance occurs in the 
whole cellular metabolism of the cortisone-treated ani- 
mals. It was not attempted to establish in which per- 
centage of all tumors heterotransplantation might be 
suecessful, or which kind of tumors are more suitable 
for transplantation. The aim of this study was to 
show that cortisone changes the inner environment of 
an animal in such a way that its resistance to hetero- 
transplantation is greatly diminished. 
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Conformity to Social Norms in Stable 
and Temporary Groups" 


Everett W. Bovard, Jr.” 


Department of Psychology, University of Toronto, Canada 


When members of small face-to-face groups, whose 
structure had facilitated verbal interaction, were eon- 
fronted with a green rectangle and asked to estimate 
its length anonymously, the dispersion of their per- 
ceptual judgments was significantly greater than the 
dispersion of estimates from groups whose structure 
had tended to inhibit such interaction (7). Further, 
when the individual estimates and their average or 
norm were presented to each group, respectively, and 
members were asked to re-estimate the length of the 
rectangle anonymously, a significantly greater reduc- 
tion in dispersion of estimates compared to the initial 

1This work was undertaken in the summer of 1949 as 
part of the Conference Research Project at the University 
of Michigan, sponsored by the Office of Naval Research (Con- 
tract N6Onr-232. T.0. 70), under the general direction of 
Donald G. Marquis, chairman of the Department of Psy- 
chology. 

2The writer is indebted to Dr. Marquis for the original 


suggestion which led to this study, and to Harold Guetzkow, 
project coordinator, for further advice and assistance. 


361 


| © 
| 
> 
s. 
y- | 
er 
id | 
S- 
is, 
le | 
ys | 
n- 
id | 
14 
be | 
| 
ce | 
so | 
d. | 
ve 
ily | 
ch 
of 
7 = | 
hy 


dispersion was obtained in those groups with more 
experience of interaction (/). 

These results suggest that modification of individual 
perceptions of an objective stimulus in the direction 
of a group norm is a function of group structure, 
more particularly of the amount of verbal interaction 
among group members facilitated by such structure. 
To further explore this latter proposition, two small 
group populations representing extremes in interac- 
tion experienced were selected for experimentation at 
the University of Michigan. 

The first of these populations was made up of six 
so-called stable groups, ranging in size from 6 to 14 
persons, who had met together voluntarily in their 
respective groups for an average of 231 hr and were 
extremely likely to continue meeting together. These 
groups totaled 55 persons. Included in this popula- 
tion were a group of teaching fellows from one of the 
university departments, tested while attending a dance 
together; a group of girls living in one of the uni- 
versity’s international houses, tested while attending 
the same dance; a Quaker organization; a church 
baseball team; a graduate outing club; and a Funda- 
mentalist group. 

The second of the populations was made up of 
seven so-called temporary groups, ranging in size 
from 6 to 11 members, who had met together for an 
average of 2.47 hr and were not likely to continue 
meeting voluntarily. There was a total of 53 persons 
in these groups. One of the groups consisted of volun- 
teers from an elementary psychology class who had 
known each other for an average of 14 hr and who, 
according to their instructor, were not likely to meet 
again in the absence of external compulsion. The other 
six groups in this population were made up of indi- 
viduals arbitrarily selected by the experimenter as 
they walked across the campus and asked if they 
would like to participate in a brief experiment in 
social psychology. None of these persons had met be- 
fore. The average existence of the six groups was 
about 20 min. 

In the first experiment conducted with these two 
populations, each subject was asked to estimate the 
number of dots in a square enclosing 500 dots that 
had been presented to him, within a time limit of 
approximately 30 sec. Following this initial estimate, 
the group was informed of the individual estimates 
by its members (but not who had made each one) and 
their average or norm, as computed by the experi- 
menter. A second anonymous estimate, within the 
same time limit, was then requested of the group 
members. 

Results indicated a significantly greater dispersion 
of initial estimates of the number of dots from the 
stable groups. The standard deviation of estimates 
from this population of small groups was 889, com- 
pared to 386 for the temporary groups. This differ- 
ence yielded a critical ratio of 5.56, and hence the 
probability that it could have occurred by chance js 
less than .0000006. 
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The results also indicated a significantly greater re- 
duction in dispersion from first to second estimates 
for the stable groups, compared to the temporary 
groups. Following presentation of the individual esti- 
mates and their average, the standard deviation of the 
stable group estimates was reduced by 440 units, 
whereas the standard deviation of the temporary 
groups was reduced by 58 units. This difference in 
shrinkage of the original dispersions yielded a critical 
ratio of 4.88, indicating that the probability it could 
have happened by chance is less than .000002. The 
statistical formula used here was developed by Me- 
Nemar (2). 

When initial dispersions of the stable and tempo- 
rary groups were mathematically equated by express- 
ing the absolute change in standard deviation for each 
population as a proportion ef the initial standard 
deviation for that population, greater relative shrink- 
age or convergence of estimates was still obtained for 
the stable group population. Percentage of change 
with respect to the initial standard deviation of esti- 
mates was 49 for the stable groups and 15 for the 
temporary groups. It should be noted that in the case 
of every group tested the standard deviation of the 
second estimates was smaller than the standard devia- 
tion of the initial estimates. 

When, however, in a second experiment immediately 
following the first, the same experimental procedure 
was repeated for each group, using as a stimulus a 
green rectangle the length of which was to be judged, 
no statistically meaningful differences of any sort 
were found in regard to initial dispersion or shrink- 
age of such dispersion following presentation of the 
group norm, between stable and temporary group 
populations. This finding is in direct contrast to re- 
sults of a previous experiment with the green rect- 
angle, mentioned above (1). It is possible that the 
negative result found in this instance was due to the 
fact that the experiment with the green rectangle 
directly followed the experiment with the dots, and 
hence by analogy the subjects were able to guess in 
advance what the experimental procedure would be, 
as suggested by Guetzkow (3). Another experimental 
study had indicated that the obtained phenomena of 
differences in initial divergence of estimates and in 
convergence following presentation of the group 
norm, between groups who had and who had not had 
extensive experience of verbal interaction, did not 
obtain when subjects were sophisticated in regard to 
the experimental procedure (/). 

Whatever the mechanism by means of which the 
group influences the pereeptions-of its members, even 
their perceptions of objective stimuli, it should be 
noted that the individual is not always aware of its 
operation. In the case of the first experiment with 
the green rectangle (/), some individuals reported 
seeing the rectangle as smaller or larger the second 
time they had to judge its length. Anonymous reports 
from one group, whose members were asked to ex- 
plain why they had changed their estimates from the 
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first to second judgment situations, included “It looked 
larger,” “It appeared smaller,” “It appeared larger 
the second time,” and “It was held slightly closer to 
me.” None of these conditions was, of course, objec- 
tively true. 

An adequate theoretical explanation would have to 
take into account not only the above phenomenon, 
but also the means by which the group situation, 
before individual estimates and their average had been 
presented to members, had operated to yield a sub- 


stantially smaller initial dispersion of estimates in 
those groups with little experience of interaction 
among their members. 
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Comments and Communications 


Phosphorylated Hesperidin 


In aN article published in Science (115, 402 
[1952]) we reported preliminary results indicating 
the production of an antifertility effect in rats by the 
oral administration of phosphorylated hesperidin. Ex- 
periments designed to check these findings, in which 
mice, as well as larger numbers of rats have been 
used, have given inconsistent results. Negative results 
have been obtained with samples of material synthe- 
sized at different times and under slightly different 
conditions from that originally reported on. 

Phosphorylated hesperidin as first prepared (7) 
was known to be a mixture. Subsequent chromato- 
graphie work (2) has shown the presence of several 
different components; the number of these and their 
identity (as determined by the position of the spots) 
will vary with slight changes in the method of syn- 
thesis of the sample being examined. Finally, it has 
been found (3, 4) that changes in the method of syn- 
thesis that will not affect the degree of phosphoryla- 
tion will affect the antihyaluronidase effect of the sub- 
stance in vivo and in ritro. 

It would appear, then, that the antifertility effect of 
phosphorylated hesperidin is a function of one eom- 
ponent of a mixture of different phosphates. Work on 
the isolation and identification of this substance is 
now in progress. 

Gustav J. Martin 
The National Drug Company 
Philadelphia, Pennsylvania 
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A Type of Large-Volume Vacuum Ampul 


LARGE-VOLUME ampuls, as containers of dextrose 
solution or normal saline injections, are still commonly 
used in the Far East. They are better than bottles 
from the standpoint of air leakage, as has been ob- 
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served among some carelessly stored goods in Taiwan. 
They are simple and cheap in comparison with bottles 
of other types. Because of the weakness of glass, ordi- 
nary ampuls cannot withstand pressure, and break 
easily during sterilization. Actually, in the empty 
space of an ampul during sterilization at 100° C the 


33° 
partial pressure of air is 1 x 293 atmospheric pressure 
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absolute and that of water vapor is 1 atmosphere, 
making a total pressure of about 2.3. At 120° C, or 
under 15 psi, the total pressure is about 3.3. Hence, 
in order to avoid breakage, the diameter of the ampul 
must be made in accordance with the formula D x P 
=2 ¢xs, where D=diameter of the ampul, P = total 
pressure inside, t= thickness of the wall, and s = ten- 
sile strength of the glass. 

The lower the pressure, the more stable will the 
ampul be. On this principle a vacuum ampul is sug- 
gested as in Fig. 1. 

The two ends of the ampul are left open for con- 
venient cleaning. A rubber stopper is inserted into 
one of the necks before filling; the other is also stop- 
pered after filling, but this rubber stopper is pene- 
trated with a needle to evacuate the empty space. The 
two ends are then flame-sealed. Such ampuls will not 
break when autoclaved under steam pressure. 

Before use, the two ends are sawed between the rub- 
ber stoppers and the sealed points. In doing so, there 
is no danger of glass powder or splinters falling into 
the solution. 

These large-volume vacuum ampuls ean also be 
satisfactorily used as containers for anticoagulant 
for whole blood transfusion. 

CHEN Lv-ao 
Pyrogen Free Fluids Plant 
National Defense Medical Center 
Taipei, Taiwan, China 


Investigation of the Coelacanth 


Ir was my privilege to carry out detailed investiga- 
tions on the first Coelacanth, and to have discovered 
what appears to be the area where those fishes still 
live. 

The recent Comoran Coelacanth, although mutilated 
more than was at first realized, nevertheless retains 
most of the soft parts, including the abdominal viscera. 
This extends enormously the scope of the investiga- 
tional work that may be carried out on the specimen. 
There will be still more that can be done only on parts, 
exudates, and secretions from an untreated fresh speci- 
men, which it is hoped may be sought before very long. 

It is in keeping with the importance and seope of the 
investigations on all parts of this fish that they should 
be assigned to leading experts in the field in which they 
fall. I have advised the South African Council for Sci- 
entifie and Industrial Research, and have requested 
their approval of, and cooperation in, this matter. 

Application to be included in this scheme should be 
sent either to the South African Council for Scientific 
and Industrial Research, P. 0. Box 395, Pretoria, or to 
me personally at Rhodes University, Grahamstown. 
Every possible facility will be granted to selected vis- 
iting specialists, but it should be noted that there is no 
possibility of financial aid from this end. 

The ownership of the next specimen or specimens is 
of less importance than proper preservation for scien- 
tifie purposes. 
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As certain organs and body fluids require special 
treatment and preservation, it is intended to compile 
a set of special instructions to be issued to those in 
areas where it is likely that a fresh Coelacanth may be 
obtained. It will be appreciated if those interested will 
kindly furnish detailed special instructions composed 
in language as simple as possible, giving full directions 
and not only the names, but also the actual composi- 
tion, of any materials to be employed. 

Since there is a hope that more Coelacanths may be 
found at the Comoro Islands, it is desirable that all 
such materials should be available there. 


J. L. B. 
Rhodes University 
Grahamstown, C. P., South Africa 


Classification of Variable Material 


SOMEWHERE we need to have exact and detailed 
descriptions of what nature offers us, even in the 
most variable material. The practice of assembling as 
many as possible of the phenotypes into as few as 
possible varieties and forms is necessary in manuals, 
but more detailed description should be available. For 
some years we have found it profitable to follow the 
example of the geneticists and designate by letters the 
different conditions that we find. For example, the 
common moss Leptodictyum riparium varies in shape 
of apex of leaf, in length of midrib, and in width 
of cells. If we represent the typical form by ABC, 
and the contrasting characters by abc, we actually 
find in nature ABC, ABe, AbC, Abe, aBe, abe. The 
last two have received Latin names. If we list all of 
these arbitrarily under one or other of the three avail- 
able Latin names, we will obscure the facts as to what 
actually occurs. If we give three more Latin names, 
we will be complicating the synonymy, to no avail. 
And if one or more additional characters are con- 
sidered, a greater number of combinations will be 
found, 

Instead of multiplying Latin names as Greene did 
for Ptelea, and Podpera for Bryum capillare, I reeom- 
mend the briefer and more exact description by means 
of combinations of code letters. The code must be 
adapted for each species described. It should not be 
concluded that the letters represent genes. When the 
genetics of the species have been worked out, the 
genetical formulas should supplant these phenotypic 
terms. Numerous species of mosses need this type of 
description. The same may be said for many flower- 
ing plants, and for many insects, birds, and mam- 
mals. This system is preferable to the endless :ulti- 
plication of Latin names with Latin descriptions, to 
be cited ever after with the names of one or two 
authorities. A paper in preparation will give a detailed 
illustration of this method. 

Henry §. Conarp 
Department of Botany 
Grinnell College and State University of Iowa 
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Reviews 


Die Mathematischen Hilfsmittel des Physikers. 
4th ed. Vol. LV of Die Grundlehren der Mathema- 
tischen Wissenschaften in Einzeldarstellungen. Er- 
win Madelung. W. Berlin: Springer-Verlag, 1950. 
531 pp. Illus. $11.88. 


Madelung’s book has been considerably enlarged and 
in many parts completely rewritten in its fourth 
edition. 

This work is not a textbook, neither is it a collection 
of formulas. Originating from the author’s collection 
of mathematical notes to his lectures in theoretical 
physies, it was intended to be for the theoretical physi- 
cist what Kohlrausch’s Practical Physics is for the ex- 
perimentalist. This goal has not been attained. Kohl- 
rausch’s hook is a text of experimental physics in terms 
of detinite problems and their solution, whereas Made- 
lung’s is a compendium of mathematics (350 pp.), fol- 
lowed by a brief summary of theoretical physies (143 
pp-) arranged in the conventional sequence of text- 
books. Thus, the mathematical tools are developed and 
discussed in some detail without reference to the phys- 
ieal applications (see, for example, the introduction to 
spin matrices, p. 25, and Clifford’s numbers, pp. 12 
and 25). Special developments are included in an ap- 
pendix of about 30 pages. 

The sequence follows the outline of the third edition, 
which was reprinted by Dover during the war. A first 
chapter on numbers, functions, and operators is en- 
tirely new and has been added in view of the wide- 
spread use of operators by physicists in recent years. 
In this chapter some of the tools of quantum mechan- 
ical calculations are formally introduced. 

A brief chapter on differential and integral eal- 
culus is followed by series and series developments, a 
chapter on functions (ineluding some 50 pages on 
special functions), and a chapter on algebraic trans- 
formation. The detailed and well-developed chapter 
on vector analysis will be weleome to students and 
teachers. This is followed by discussions of special 
coordinate systems, group theory, differential equa- 
tions, integral equations, ecaleulus of variations, and 
statisties. Under group theory, a discussion of the 
crystallographic symmetry groups as used in structure 
analysis has been added. The chapter on theory of 
differential equations is written from the point of 
view of wave mechanies and modern physies. 

The discussion of general relativity theory has been 
eut considerably—the Einstein effects formerly dis- 
cussed in an appendix are now mentioned in three 
lines. This was inevitable, however, if the new mathe- 
matical techniques, modern developments in quantum 
mechanics, and the approach to problems of field 
theory were to be discussed. 

Physies is discussed in separate chapters on me- 


- chanies, electrodynamies, relativity, quantum theory, 


thermodynamics, and statistical methods. Crystal op- 
ties, as part of electrodynamies, is particularly well 
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summarized, and the same thing is true of the dis- 
cussion of thermodynamics. However, some of the 
more modern applications would be weleome, par- 
ticularly statistical applications to the theory of the 
solid state. 

The literature contains only a few new references, 
published since the third edition came out. The index, 
quite important in a book of this type, has been cut 
to five and one-half pages for the 500 pages of text— 
whereas the index in the third edition was more than 
ten pages, covering a text of some 350 pages. The 
index is now so brief that it is not quite clear what 
will be found under a particular heading. For example, 
“Approximation methods” are quite important for the 
use of such a book; in the former edition there were 
five entries describing in detail the approximation 
referred to. At the present time there is just one entry. 

This reviewer hopes that, if another edition comes 
out, particular care will be taken to make the index 
so complete that it will be simple for a physicist to 
find the material he needs for the understanding of 
theoretical developments in his own field. 

Karu Lark-Horovirz 
Department of Physics, Purdue University 


Survey of Biological Progress, Vol. Il. George 8. 
Avery, Jr., Ed. New York: Academie Press, 1952. 
333 pp. Illus. $7.00, 


This thin volume is the latest of a series begun in 
1949. It covers a broad field of biology—ranging from 
genetics to physical chemistry and from anatomy to 
plant pharmacology. By and large it is a moderately 
interesting volume and one in which most biologists 
will find at least one article they can read with profit. 

The first paper, “The Effects of Radiation on Bio- 
logical Systems,” by A. H. Sparrow and B, A. Rubin, 
is a most useful, concise presentation of modern 
thoughts on the inorganie and physieal chemistry, 
physies, and biology of radiobiology. It includes a de- 
tailed discussion of the target theory and its inter- 
pretation in modern chemical terms. Here also is a 
precise summary of our knowledge of the ions and 
radicals formed by the varied kinds of high-energy 
radiations. Finally, the varied biological effects of 
radiation are treated with respect to mutation and 
cytology and physiology. Similarities and differences 
of the effects of high-energy radiations are outlined 
in an admirable way. This is an outstanding article— 
one that might well be read by all biologists not them- 
selves specialists in the field. 

“Progress in Human Geneties,” by H. Kalmus sum- 
marizes the little we know about human genetics. Kal- 
mus brings together, in rather general terms, much 
about the inheritance of human traits as well as mod- 
ern information on mutation rates, and interesting cal- 
culations about the size of mating groups in the 
human community. 
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Gordon Riley’s “Biological Oceanography” flows 
along in an admirable way and is a pleasure to read. 
Dr. Riley’s emphasis is on ecological matters, and some 
might wish that he could bring a little more specific 
information to bear on the intricate problems of lite 
in the ocean. 

Erwin Biinning, who has written extensively in Ger- 
man on morphogenesis and related matters in higher 
plants, has prepared an English summary of his views 
for this volume. Biinning is a hard master, and the 
reader must follow his involved arguments with care 
if he is to follow them at all. This author does, how- 
ever, present extraordinarily lucid and specific chemi- 
cal interpretations of the forces that control and guide 
the course of morphogenesis. To Biinning, we have in 
higher plants clear evidence of induction of differen- 
tiation by specific substances. An important part of 
his diseussion is that concerned with his principle of 
mutual incompatibility of regions of vigorous proto- 
plasmie growth—a principle which again finds its 
basis in Biinning’s mind in competition for specific 
chemical substances. He also takes care to differentiate 
between regulators, whieh bring about cellular activity 
in general, and determiners, which channel differen- 
tiation along particular pathways. It is high time that 
a clear distinetion of this kind be made in the diseus- 
sion of plant morphogenesis. 

The review by L. G. Nickell concerns the rapidly 
developing field of the chemical regulators of plant 
growth. He considers the auxins and related eom- 
pounds in weed control and in other agricultural prob- 
lems and deals briefly with certain auxiliary matters 
such as the toxicity of these compounds to animals. 
The whole discussion is on a descriptive basis, how- 
ever, and does not attempt to synthesize the thoughts 
of various workers concerning why these compounds 
act the way they do; nor does he consider the sys- 
tematization of our knowledge of chemical structure 
and biological activity in these compounds. 

Histochemistry is now undergoing rapid develop- 
ment along two rather distinct lines. Florence Moog 
adheres to the school of thought which proposes to 
study the cellular localization of enzymatic reactions 
in tissue slices as followed under the microscope. Her 
paper stresses this approach rather than the approach 
of physical separation of cellular constituents, which 
has proved so fruitful. To the reviewer it would seem 
that Moog’s discussion merely establishes again that 
the classical methods of histochemistry are less sure 
in application to the living cell than are those of dif- 
ferential centrifugation. 

Cell structure also plays an important role in L. H. 
Bretschneider’s review, “The Fine Structure of Pro- 
toplasm.” Bretschneider presents a cogent and closely 
reasoned argument for the supposition that proto- 
plasm does indeed possess a structure of submicro- 
scopic strands, each with a diameter of roughly 50- 
200 A. These fibrillar structures can be seen in elec- 
tron micrographs of many types of dehydrated eyto- 
plasm. To the reviewer it is still open to question 
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whether these same units, designated by Bretschneider 
as “leptons,” are in fact to be found in the native 
hydrated cytoplasm. 

The final contribution, by Aubrey W. Naylor, 
“Physiology of Reproduction in Plants,” includes not 
only a summary of past work in the reproduction of 
fungi and algae, but also a considerable discussion of 
reproduction of higher plants. 

If one general criticism might be leveled at the 
present volume, it would be that several of the papers 
are diffuse, general, and overly talkative. They lack 
the initial clear delineation of the problem and the 
concise treatment that have become characteristic of 
reviews in chemistry and biochemistry. The subjects 
presented here are important and interesting ones. 
They deserve treatment in a precise, brief manner, 
and with clear terminology. 

JAMES BONNER 
Division of Biology 
California Institute of Technology 


Scientific Book Register 


Elsevier’s Encyclopaedia of Organic Chemistry. Series 
III: Carboisocyclic Condensed Compounds, Vol. 14, 
Suppl. 2: Triterpenes. F. Radt, Ed.; Dora Stern, Co- 
editor. Amsterdam-Houston: Elsevier, 1952. 407 pp. + 
50 pp. index. $40.00; set subscription price, $30.00. 

The Trichoptera (Caddis-Flies) of Australia and New 
Zealand. Described and figured by Martin E. Mosely 
and D. E. Kimmins, London: British Museum (Nat- 
ural History), 1953. 550 pp. Illus. £4 10s. 

Ciba Foundation Colloquia on Endocrinology. Vol. 1, 
Steroid Hormones and Tumour Growth and Steroid 
Hormones and Enzymes; Vol. Il, Steroid Metabolism 
and Estimation. G. E. W. Wolstenholme, Gen. Ed.; 
Margaret P. Cameron, Asst. New York: Blakiston; 
London: J. & A. Churehill, 1952. Vol. I: 315 pp.+ 
plates; Vol. II: 429 pp. Illus. 

The Principles of Line Illustration. With emphasis on 
the requirements of biological and other scientific 
workers. L. N. Staniland. Cambridge, Mass.: Harvard 
Univ. Press, 1953, 212 pp. Illus. $5.00. ° 

Organic Chemistry. Melvin J. Astle and J. Reid Shelton. 
New York: Harper, 1953. 771 pp. Illus. $7.50. 

What Is Science? Repr. Norman Campbell. New York: 
Dover, 1952. 186 pp. $2.50; paperbound, $1.25. 

The New Force: The Story of Atoms and People. Ralph 
E. Lapp. New York: Harper, 1953. 238 pp. $3.00. 

Statistical Theory in Research, Part I: Basic Statistical 
Theory; Part Il: Analysis of Experimental Models by 
Least Squares. R. L. Anderson and T. A. Bancroft. 
New York-London: MeGraw-Hill, 1952. 399 pp. $7.00, 

Dating the Past: An Introduction to Geochronology. 
3rd ed. Frederick E. Zeuner. London: Methuen; New 
York: Longmans, Green, 1952. 495 pp., illus., and 24 
plates. $8.00. 

Lectures on Cauchy’s Problem in Linear Partial Dif- 
ferential Equations. Repr. Jacques Hadamard. New 
York: Dover, 1952. 316 pp. Illus. $3.50; paperbound 
$1.70. 

Advanced Statistical Methods in Biometric Research. 
C. Radhakrishna Rao. New York: Wiley; London: 
Chapman & Hall, 1952. 390 pp. $7.50. 
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Kodak reports to laboratories on: 


our cautious approach to malononitrile ...a new approach to an old printing process 
+++ Stripped lard and vitamin E...an improved technique for microradiography 


Stay off the alkaline side 


We make Malononitrile by treating 
cyanoacetamide with phosphorus 
oxychloride to split out the water. 
This is a simple operation, but the 
chemist assigned to the job tried to 
make it harder by removing the last 
traces of acids formed in the reac- 
tion. The resulting explosions (no 
casualties) led to a trip to the library 
where we found the explanation: 
“Malononitrile trimerizes rapidly 
in the presence of alkali.” This is 
an understatement. The heat of 
polymerization is given off so rap- 
idly, the temperature goes up so 
fast and so far, that violent de- 
composition ensues and one can 
get soot on one’s snoot if one is not 
careful. Our Malononitrile contin- 
ues to come just a trace on the acidic 
side, and we advise utmost caution 
about altering this situation. 


We supply more than 3500 other or- 
ganic chemicals for science and industry. 
They're listed in Eastman Organic Chem- 
icals List No. 38. For your copy write to 
Eastman Organic C. Depart- 
ment, Distillation Products 
Industries, Rochester3,N.Y. | 


Silk screen 


Should you want to reproduce just 
about any kind of pattern in just 
about any kind of medium on just 
about any kind or shape of surface, 
you ought to look into the new 
Kodak Ektagraph Process. You 
start with an image on film or plate 
and some 20 minutes later Copy 
No. | is ready to dry. Your total 
outlay for all the equipment and 
supplies for a uniquely versatile 
printing plant that you can store in 
a desk drawer needn't exceed the 
cost of a decent pair of shoes. This 
represents our contribution to silk 
screen printing, one of the oldest 
forms of the art of printing, wherein 
the material which serves as the ink 
is squeezed through permeable areas 
in a silk screen. Specifically, our 
contribution is a film that can be 
handled by incandescent room light 
and incorporates its own tanning 
developer. After exposure and im- 
mersion in the processing solutions, 
the unexposed gelatin washes away 
in warm water, the film is placed 
face down and dried on the silk 


screen, the film base is peeled off, 
and the gelatin pattern dries down 
to block off the desired interstices in 
the screen. Then you're ready tc 
print a complex circuit in silver 


paste, an instrument dial, an illus- 
tration for a monograph, or a por- 
trait of an ancestor on a shaving 
mug. Preserves fine detail, too. 

Kodak Ektagraph Film is sold by 
Kodak Graphic Arts dealers, and full in- 
formation about it is available from 
Eastman Kodak Company, Graphic Arts 
Division, Rochester 4, N. Y. 


Vitamin E 


The missing ingredient in the strange 
lard we put up in the can below is 
vitamin E, and its removal to less 
than 5 micrograms per gram of fat 
(accomplished by molecular distil- 
lation, a specialty of the house) is a 
service we perform for those who 
want to see what happens to crea- 
tures kept alive without vitamin E. 

It so happens that we are major 
producers of vitamin E (obtained 
not from lard but from vegetable 
oils) for the pharmaceutical and 
feed industries, and thus find our- 
selves in the unusual position of 


trafficking both in a commodity and 
in the absence of that same com- 
modity. The latter, of course, is 
small business, but there is a good 
deal of research going on about 
vitamin E. Over 600 scientific papers 


This is one of a series of reports on the many products 
and services with which the Eastman Kodek Company and 
ts divisions are... serving laboratories everywhere 


on work in this field during 1950 
and 1951 are summarized in a bib- 
liography recently compiled in our 
laboratories. 

Volume II, Annotated Bibliography 
of Vitamin E, 1950 and 1951, is avail- 
able from The National Vitamin Foun- 
dation, Inc., 150 Broadway, New York 
7, N. Y. A hermetically sealed tin con- 
taining 400 grams of stripped lard is 
available at $2 from Distillation Prod- 
ucts Industries, Rochester 3, 
N. Y. (Division of Eastman 
Kodak Company). 


Microradiography 


Of the total film acreage that we 
produce for the finding of voids, 
fractures, porosities, inclusions, and 
other defects in man, metal, and 
beast, an infinitesimal fraction is 
used in the sub-technique of micro- 
radiography. This is in effect two- 
Stage x-ray photomicrography: a 
film or plate of high resolution is 
exposed to x-rays through a thin 
specimen section and then an opti- 
cal enlargement is made of the re- 
sultant radiographic image. Thus 
by differential x-ray absorption is 
revealed the distribution of various 
elements in the microstructure of 
the specimen. For accurate identi- 
fication, it is helpful to employ the 
line-emission from the tube target, 
but it is not convenient to keep 
changing targets in order to find 
the sets of line-emissions desired. 
Furthermore the continuous spec- 
trum plays a distracting obbligato 
to the nice, clear-cut relations of K- 
emissions and absorptions. 

Unworried by the knowledge of 
how little the consumption of ma- 
terials for microradiography con- 
tributes to their salaries, a few of 
our research people have been at- 
tacking this problem and have just 
put out a paper that tells how to 
use a variety of dependably homo- 
geneous X-radiations from inter- 
changeable x-ray fluorescence tar- 
gets that you can put in an attach- 
ment for your low voltage x-ray 
tube. 

Anyone who wants to make one like 
it can get a reprint fron: vs of the pa- 
per, “Application of Fluorescence X- 
rays to Metallurgical Microradiogra- 
phy.” Write X-ray Division, 

Eastman Kodak Company, A 
Rochester 4, N. Y. 
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“... one of those unusually stimulating volumes that will always con- 
tain valuable information for readers of very diverse interests. It is 
a necessity for the physiologist, but is almost as essential to the 


clinician who is desirous of keeping ahead of new developments and 
trends as related to his particular medical specialty.” (Archives of 
0) Physical Medicine, October, 1952) 


“... the volume abounds in material that is either of immediate in- 


terest or suggests the probable direction of further developments.” 
(J. Am. Med. Assoc., Nov. 8, 1952) 


Editor: V. E. Hall; Associate Editors: J. E. Crismon, A. C. Giese; 


Editorial Committee: J. P. Baumberger, J. J. Field, W. F. Hamilton, 
Volume 1 5 J. P. Quigley, and M. B. Visscher. 


Contents: Transport Through Biological Membranes, H. H. Ussing; Developmental 

Physiology, N. T. Spratt, Jr.; Electrical Activity of the Brain, B. R. Kaada; Water 

Metabolism, N. M. Keith; Respiratory System, M. Nielsen and E. Asmussen; Diges- 

tive System, C. F. Code; The Innervation of Skeletal Muscle, R. Hodes; Blood 

Off the Press: Volume Maintenance and Regulation, I. S. Ravdin, J. M. Walker, and J. E. Rhoads; 
Blood: Formed Elements, T. F. Dougherty and J. H. Dougherty; Peripheral Circu- 

March 1, approx. lation, A. C. Burton; Heart, A. P. Fishman and A. F, Cournand; Excitation and 
Conduction in the Nervous System, M. G. Larrabee and C. Edwards; Somatic Funce- 

tions of the Central Nervous System, J. F. Fulton; Visceral Functions of the Nervous 


Published by: System, S. C. Wang; Special Senses: Thermal Receptors, Y. Zotterman; Physiology 
ae? of Vision, H.-T. Chang; The Anterior Pituitary and Adrenal Cortex, F. L. Engel; 
ANNUAL REVIEWS, Ine. Reproduction, P. L. Krohn and S. Zuckerman; Comparative Physiology of Inverte- 


brate Endocrines, B. V. Scharrer; Liver, F. C. Mann and F. D. Mann; Higher Fune- 


Stanford, California, U.S.A. tions of the Nervous System, H. F. Harlow. 


Approximately 600 pages Cloth bound Subject and Author Indexes 


rr On Sale by: ANNUAL REVIEWS, INC., Stanford, California, 
$6.00 plus shipping (U.S.A. U.S.A.; H. K. Lewis & Company, Limited, 136 Gower Street, 
and Pan-America, 15 cents; Lndon, W.C. 1, England; Maruzen Company, Limited, 6 Tori- 
Elsewhere, 35 cents) Nichome Nihonbashi, Tokyo, Japan 


KLETT 
ELECTROPHORESIS 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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Catalog #9-99 


Price $1450.00 


FURNISHED WITH THE FOLLOWING ACCESSORIES: 
e 1 extra glass tube for tissue heater 


April 3, 1953 


@ 1 electric cord 


FOR USE IN: 


Histology Cytology Histopathology 
Cytochemistry ¢ Histochemistry 


The Bird Tissue Cryo-Desiccator provides 
a simple, rapid, reliable and inexpensive 
method of preparing frozen dried tissues. 


Tissues are supported in a basket which 
has movable partitions to accommodate 
specimens of different sizes. 


Temperature is measured under the same 
conditions as the tissue. Liquid nitrogen is 
used to cool the tissue. Automatic sealing is 
achieved by atmospheric pressure. 


This new Cryo-Desiccator is inexpensive 
to operate and easy to use. Glass parts are 
held to a minimum and the construction is 


rugged. 


@ 1 flexible metal tube for attaching to pump 
e@ 1 dial thermometer, Weston 0-180 Deg. F. for use on 115 V., 60 


cycles only. 


For further information write: 


2385 RHODE ISLAND AVE., N.E. 


WASHINGTON, D. C. 


RICHMOND 


VIRGINIA 
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: Biochemically and Clinically Important P. ublications Recei ved 
J Abbott Laboratories Annual Report 1952. North Chicago, 
ADENOSINE Til.: Abbott Laboratories, 1953. 20 pp. Illus. 
PHOSPHATES Anthropological Papers. Nos. 33-42. Smithsonian Institu- 
tion, Bur, Amer. Ethnol., Bull. 151. Washington, D. C.: 
GPO, 1953. ix +507 pp. Illus. 
Research Se = Armour Research Foundation of Illinois Institute of 
: oratories highly purihed products we Technology. Technology Center. Annual Report 1952. 
; suited for studies in cell metabolism, co- Chicago: Armour Research Foundation, 1952. 63 
» enzyme systems, and other physiologic BCG Vaccination. Studies by the WHO Tuberculosis Re. 
“ processes. Clinicians investigating cardio- search Office, Copenhagen. WHO Monograph Series, 
- vascular and rheumatic diseases, pruritus, No. 12. Lydia B. Edwards, Carroll E. Palmer, and 
- muscle dysfunction. etc. can rely on Knut Magnus. Geneva: ge Health Organization, 
J Schwarz facilities for ample supplies. 1953. 307 pp. Illus. $3.00 U. S., 15 s., or Sw. fr. 12. 
Building America’s Health. Health Status, 
a nquiries from Needs and Resources, Vol. 3. A Statistical Appendix. 
a LYCEDA N . qualified A Report to the President by the President ’s Commis- 
ie Brand of Adenosine-5- investigators sion on the Health Needs of the Nation. Washington, 
Pie h herle Acid Schwarz are cordially D. C.: GPO, 1953. xxiv + 299 pp. $1.50. 
5 Phosph . invited. Commonwealth Scientific and Industrial Research Organi- 
ie zation, Australia. Bull. 268, An Australian Phytochem- 
T R P H ical Survey. Pt. II, Alkaloids in Queensland Flowering 
ee SADEN Plants. L. J. Webb. 99 pp. Bull. 270, Rubber Accumu- 
is Brand of Ader lation in Guayule (Parthenium argentatum Gray) in 
a Trinh enosine South Australia. R. E. Shapter. 31 pp. +8 pl. Illus. 
‘phosphate Schwarz Melbourne: CSIRO, 1952. 
rey Comodidades para el Mercadeo de Productos Agricolas 
y Articulos Relacionados en San Juan, Puerto Rico. 
ih Convenient for Parenteral Administration Monografias del Departamento de Agricultura y Co- 
; ereio, No. 2, Nov. 1952. Caleb J. on ¢ . Se 
¥. Juan: Departamento de Agricultura y Comercio, 1952. 
viii + 194 pp. Illus, 
Comparative Conditioned Neuroses. Ann. New York 
Acad, Sciences, 56, Art. 2. Edward J. Kempf, Cons. 
for photomicrography Ed. New York: New York Academy of Sciences, 1953. 
240 pp. Thus, $3.50. 


the easy$ 
economical 
way, choose 


Visicam 
Readily attach-_ 
able to any 
standard mi- 
croscope, the 
versatile Visi- . 
cam provides 
inexpensive 
35mm black & 


Faune de France 57. Homoptéres Auchénorhynques II. 
(Jassidae). Office Central de Faunistique. Henri 
Ribaut., Paris: Paul LeChevalier, 1952, 474 pp. Illus. 
5000 fr. 

Forty-Second Biennial Report of the Department of Fish 
and Game for the Years 1950—1952. Sacramento: State 
of California, 1953, 187 pp. Illus. 

From Lodestone to Gyro-Compass. H. L. Hitchins and 
W. E. May. New York: Philosophical Library, 1953. 
219 pp. Illus. $4.75. 

Index Bibliographicus. Vol. I, 1951. Science and Tech- 
nology. xi +52 pp. $1.25. Vol. II, 1952. Social Sciences, 
Education, Humanistic Studies. xi + 72 pp. $1.75. Paris: 
Uneseo; New York: Columbia University Press. 

An Introduction to Linear Programming. A. Charnes, 
W. W. Cooper, and A. Henderson, New York: Wiley; 

white or color London: Chapman & Hall, 1953. 74 pp. Illus. $2.50. 

photomicro- Introduction to the Theory of Stochastic Processes De- 

ards Apphed Mathematies Ser. 24, enry . Mann. 

finest quality. Washington, D, C.: GPO, 1953. v +45 pp. 30¢. 

Available with roll-film carriers or our A Manual of the Economic Geography of the United 

convenient “Single-Shot”’ camera back. States Based on Trade Areas and Geographic Regions. 


For descriptive terature write direct to: Lewis F. Thomas and Robert M. Crisler. St. Louis: 
Edueational Pubs., 1953. 161 pp. Tlus. $4.50. 


Medical Center Eighty-Fourth Annual Report. 1952. New 
- York: Presbyterian Hospital, 1952. 192 pp. Illus. 
National Bureau of Standards, Annual Report 1952. Nati. 


Bur, Standards Mise. Pub. 207. Washington, D, C.: 
854 S. Figueroa St., Los Angeles 17, Calif. GPO, 1952. iv +89 pp. Illus. 30¢. 
9g PE 
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Gourou 
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April 8, 1953 


DATING THE PAST 


By Frederick E. Zeuner, Professor of Environmental Archaeology, University 
of London. Third Edition. 1952. 495 pp. 103 figs. 57 tables. 24 plates. An intro- 
duction to geochronology. The time factor, geological processes, history of the 
earth, varve analysis, radioactivity, astronomical theory, dendrochronology, 
botanical methods and climatic changes, life before man, chronology of early 
man and his cultures, dating in the pleistocene and palaeolithic, prehistoric and 
stone age sites, metal age sites, prehistoric chronology of the postglacial period. 


$8.00. 


GEOGRAPHY OF THE FLOWERING PLANT 


By R. D. O. Good, University College, Hull. Second Edition. Ready, May. 448 
pp. 68 figs. 16 plates. 9 maps in color. Factors controlling distribution and habi- 
tat of the Angiosperms. About $10.00. 


THE TROPICAL WORLD 


By Pierre Gourou, College of France and the Free University of Brussels. Ready, 
June. About 176 pp. Plates. Figs. The geography of the tropical regions. About 
$3.50. 


THE RESTLESS ATMOSPHERE 


By F. K. Hare, Professor of Geography, McGill University. Hutchinson’s Uni- 
versity Library. Ready, April. About 175 pp. 40 figs. A brief discussion of dy- 
namic climatology as applied regionally, with description of the actual day-to- 
day weather processes involved in the principal types of world climate. Trade, 
$2.40; text, $1.80. 


AIRCRAFT PROPULSION 


By A. W. Morley, Aeronautical Engineer for D. Napier & Sons, Ltd. Ready, 
April. 256 pp. 115 figs. The thrust required for flight, basic thermodynamics, 
gas dynamics, the turbo-jet engine, gas turbine cycle calculations, propeller tur- 
bine and compound gas turbine, axial flow theory, the piston-type engine, the 
ram-jet engine, the rocket motor. About $5.75. 


LONGMANS, GREEN & CO., Inc. 


55 Fifth Avenue New York 3, N. Y. 
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PHOTOVOLT 


Line-Operated Electronic 
MULTIPLIER-PHOTOMETER 
Mod. 520-M 


Absorption and flame photometry. Colorimetry through 
microscopes. Scintillation measurements. Fluorescence 
trace analysis. Monochromatic color densitometry. 


Write for Bulletin #360 to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 


Crystalline 
Enzymes and Biochemicals 


DESOXYRIBONUCLEASE 
TRYPSIN 


SOYBEAN TRYPSIN INHIBITOR 


Ribonuclease — Chymotrypsin 
Alcohol dehydrogenase 
Cozymase I — Carboxypeptidase 
Hyaluronidase — Ovalbumin 


write for price list—many fine 
preparations available 


WORTHINGTON BIOCHEMICAL SALES CO. 
Freehold, New Jersey 


16 


Meetings & Conferences 


Apr. 6-10. Federation of American Societies for Experi- 
mental Biology (Annual). Chicago. 

Apr. 8-12. American Heart Association (Annual). Hotel 
Chelsea, Atlantic City. 

Apr. 9-11. American Association for Cancer Research 
(Annual). Drake and Knickerbocker Hotels, Chicago. 
Apr. 10-11. Association of Geology Teachers (East-Cen- 

tral Section). University of Cincinnati, Cincinnati. 

Apr. 10-11. National Speleological Society. Brown Hotel, 
Louisville, Ky. 

Apr. 10-12. American Association of the History of Meii- 
cine (Annual). Municipal Auditorium, Columbus, Ohio. 

Apr. 11-13. Ciba Foundation Symposium on the Perijh- 
eral Circulation in Man. London. 

Apr. 12-15. Electrochemical Society. New York. 

Apr. 12—-May 23. Empire Mining and Metallurgical Con- 
gress. Melbourne. 

Apr. 13-15. American Society of Lubrication Engineers 
(Annual). Hotel Statler, Boston. 

Apr. 13-17. American College of Physicians (Annual). 
Atlantic City. 

Apr. 13-18. Workshop on the Production and Use of 
Technical Reports. Catholic University of Americ:, 
Washington, D. €. 

Apr. 14-15. Society for General Microbiology Symposium 
on Adaptation of Microorganisms. Royal Institution, 
London. 

Apr. 15-17. Canadian Institute of Mining and Metallurgy 
(Annual). The Macdonald, Edmonton, Alta. 

Apr. 15-17. International Union of Pure and Applied 
Physics Symposium on Optical Problems of Vision. 
Madrid. 

Apr. 15-17. National Petroleum Association (Semian- 
nual). Hotel Cleveland, Cleveland, Ohio. 

Apr. 16-18. Association of Southeastern Biologists (An- 
nual). University of North Carolina, Chapel Hill. 

Apr. 16-18. Georgia Junior Academy of Science and 
Annual Science Fair. Oglethorpe University, Atlanta. 

Apr. 17-18. Central States Speech Association (Annual). 
Hotel Sherman, Chicago. 

Apr. 18-19. American Psychosomatic Society (Annual), 
Chalfonte-Haddon Hall, Atlantic City. 

Apr. 18-24, National Industrial Health Conference. Los 
Angeles. 

Apr. 19-22. American Radium Society. Plaza Hotel, St. 
Louis. 

Apr. 19-23. AMERICAN ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE, Southwestern Division. Tempe, Ariz. 

Apr. 19-24. National Industrial Health Conference. Los 
Angeles. 

Apr. 20-21. Southern Association of Science and Industry 
Conference on Air and Stream Pollution. New Orleans. 

Apr. 20-22. Metal Powder Association (Annual). Hotel 
Cleveland, Cleveland, Ohio. 

Apr. 20-23. American Industrial Hygiene Association. 
Hotel Statler, Los Angeles. 

Apr. 21-23. Society of Automotive Engineers. Hotel 
Statler, New York. 

Apr. 22-26. American Society of Ichthyologists and 
Herpetologists (Annual). American Museum of Nat- 
ural History and New York Zoological Gardens, New 
York. 

Apr. 23-24, Eastern States Health Education Conference. 
New York Academy of Medicine, New York. 
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Reprinted from the text 


NO MATTER HOW YOU LOOK AT IT 


An outstanding revision of a well 
known text, this book contains 6 
additional chapters, due primarily 
to splitting several chapters into 
two parts, in order to increase stu- 
dent interest and to make for more 
adaptable assignments. The extra- 
ordinary illustrations are now 
greater in number and Professor 
Baitsell, in connection with these 
illustrations, has given careful at- 
tention to phrasing of legends in 
order to make them fully descrip- 
tive and to bring out all of the im- 
portant points. The complete in- 
tegration of textual material, 
makes this a logical, coordinated, 
and continuous story of biology. 


Published in 1951, 719 pages, $5.50 


you'll find 
many new features in 


the seventh edition of 


FOUNDATIONS 
OF BIOLOGY 


by 
Lorande Loss Woodruff 


and George Alfred Baitsell 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 


April 3, 1953 
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you. ad neve reaches over 32,000 foremost scientists 
the leading educational institutions, industrial 
laboratories and research foundations in the U. S. 
and 76 foreign countries—at a very low cost 
aa my 18¢ per word, minimum charge $3.60, Use of 
r counts as 10 additional words. 
bisptay: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 


7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 


For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


POStr10Ns wanreD _ 


AVOID DELAY . . Cash in Advance payment 
Must be enclosed with ALL classified ads. 
See “Charges and Requirements” 


Biochemist, Ph.D., research experience microbial metabolism and 
enzymology. Strong background Organic Chemistry and Genetics. 
Two years teaching, publications, languages. Available ‘wr 
Desires position in industrial or academic research. — 

SCIENCE. 4/10 


Botanist, 29, Ph.D. from large midwestern university, M. S. large 
eastern university, desires teaching or research position in tax- 
onomy or ecology. Box 63, SCIENCE. a 


Desire permanent or summer teaching or responsible position. 
Veteran, single, 31. Bachelor chemistry, Master biology, 2% years 
business, one year high school teaching, 1% years government 
(GS-7) teaching. Free to go anywhere. Teach college general, 
invertebrate, bacteriology, related subjects, and chemistry. Im- 
mediately available. Address : 1907 McKinley, San Antonio, — 


OPEN 


... A CONFIDENTIAL 


CONSULTING SERVICE 


“The RIGHT Person for the RIGHT Position” 
Please write for details 
SCIENTIFIC PERSONNEL SERVICE 
122 South Michigan Ave. . Chicago 3, IIinois 


SCIENTISTS—-salaried positions, $3,600 to $25,000. 


confidential service for outstanding men who desire a change 


“the MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 


DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 ond inch 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 

For PROOFS on display ads, om, munt reach —— a 
weeks before date of issue (Friday of every week 


LANGUAGES 


LINGUAPHONE MAKES LANGUAGES EASY 
At home, learn to speak Spanish, Italian, French, German, Nor- 
wegian, Russian, ~ any of 29 languages by uick, easy 
Linguaph Worl dard Conversational Method. Save time, 
work and money. Send for FREE book TODAY. LING ,UAPHONE 
INSTITUTE, 8404 Mezz., Rock. Plaza, New York 20, 


WANTED TO PURCHASE ... and 
1 


WALTER J. JOHNSON @ 125 East 23rd St.. New York 10, N. Y. 


Your sets and files of scientific journals 
are needed by our library and i s. Please send 
us lists and description of periodical nee ou are willing to sell 
at high market prices. Write Dept. A3S, J. S. CANNER, INC, 
ton 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Co —. libraries—Sets and runs—Single titles 
Also, please send us your want lists. 
STECHERT - HAFNER 


31 East 10th St. New York 


of connection, will develop and conduct pr eg 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., 19, Pa. 


Are YOU seeking... 


a new position, or new personnel? 


replies received from ONE 
classified ad in SCIENCE... 
Your ad here will get results! 


Send your ad NOW! 


BACK NUMBER PERIODICALS — Bought and Sold 


@ Tell us what you want!—What have you to offer? 


Magazine Service _ DEPT. P, 56 E. 13th ST. 
—- or Established 1889 NEW YORK 3, N. Y. 


APRIL 17. 
SPRING BOOK ISSUE 


Send your copy in, now! 
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BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


MARKET PLACE 


ul || PROFESSIONAL SERVICES _ 


LABORATORY SERVICES 
in Biochemistry, Chemis, Bacteriology 


Mineral determinations including sodium 
and fluorine 


Proximate analyses 

Vitamin and amino acid assays 

Food biochemistry and microbiology 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


BOX 2059 e MADISON 1, WISCONSIN 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New aw welcome. 

VANTAGE PRESS, Inc. @ 120 W. 31 St., og B York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 


SUPPL1ES AND EQuIPMENT 


For Uniform Clinicen! and Research Determinations 
SWISS ALBINO MICE 
ALBINO RATS 
N. Z. WHITE RABBITS 
Annual production 130.000 


Bio-Lab. Breeding Institute 
Box 597 Bainbridge, N. Y. 


Phone 3224 


(THIS is the EXACT SIZE RECTANGLE “IN Sreuments 
on the Field Finder containing 
over 2 lines and indicia, 

They form a simple, non-marking 
device for the microscopist to re- 
locate fields of interest in a 
elide-mounted specimen, Other 


No. 201-050-150 
Micro-Slide 


FIELD FINDER 


advantages: Suverb precision- 
with interchangeability; non-des- LOVINS ENGINEERING 


tructive; used by substitution.) COMPANY 


WRITE FOR BULLETIN} SILVER SPRING. MD. 


LABORATORY ANIMALS Docs 


RATS RABBITS 
CATS PIGEONS HAMSTERS 
ean healthy well-' animals 
suitable for yew MICE POULTRY GUINEA PIGS 


CONSULTATION 
RESEARCH 


SOUTH SHORE 


ANALYTICAL AND RESEARCH 
148 ISLIP AVE. 


A WATIONAL SERVICE 


ALBERT 
TEACHERS 


RELIABLE and 
PERSONAL SERVICE 


to Colleges and Universities of the Nation 
and * their Personnel. Originated and continued 
by three generations of the Albert family. 


Member N.A.T.A. _ 
25 E. Jackson Blvd. Chicago 4, Illinois 


SUPPLIES AND EQUIPMENT 


ETHYL CROTONATE 
r 500 g $8.00 lke $15.00 


ALLOXAN MONOHYDRATE 
100 g $9.00 500 g $35.00 
1-BROMO-4-FLUOROBENZENE 
100 g $9.00 2508 $20.00 


CHEMICAL LABORATORIES 


2054 N. Cicero Ave., Chicago 39, Il, - 


STAINS 


STARKMAN Biological Laboratory 


April 3, 1953 


AGENCY 
and COLLEGE 
BUREAU 


@ RARE 
@ COMMON 
Price list on Request 
e 461 Bloor St., W. 
Toronto, Canada 


bly priced — Dependable JOHN C. LANDIS + Hagerstown, 


Cc. P. AMINO ACIDS 
and Peptides 
for immediate delivery 


H. M. CHEMICAL CO., LTD. 


1651 — 18th St. nta Monica, Calif. 


For CONSISTENT Rats . . . 


@ BUDD MT. RODENT FARM 
@ CHESTER, N. J. 


Breeders of a recognized strain of Wistar. 


30% orf 


Except Price fixed records 


(33-1/3 
P. M.) Records Guaranteed 
Factory New. All leading 
labels, ineluding Victor, 
Decca, Columbia, London, 


NOW 


RECORDS 


WRITE FOR PRICE LIST & 
FREE CATALOGUE (E-63) 


520 W. 48 ST. 
N. Y. 36, N. Y. 
if in N.Y.C. 
Visit Stores at 
1125 Sixth Avenue 
1143 Sixth Avenue 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


—The MARKET PLAGE) 


SUPPLIES AND EQUIPMENT 


FUNCTION 


TRANSPARENT BOXES 


For small OBJECTS G SPECIMENS 
Useful in ALL LABORATORIES 
Fine for Home Workshops, etc 
Write for New Literature S-TPB 


R. BP. LABORA Inc. 


20 for $1.00 
117 Liberty S York 6, N. Y. 


PITUITARY-ADRENAL FUNCTION contin- 
ues the AAAS tradition of presenting in book form 
the collected papers presented at symposium pro- 
grams of wide interest. This volume includes 22 
papers delivered at a two-day Symposium on the 
Adrenal Cortex at the AAAS meeting in New York 
City, December 1949. 


This AAAS symposium volume assembles im- 


portant contributions of a score of laboratories in 


Pioneers in development of the 
standard laboratory Albino rat 


SPRAGUE-DAWLEY, INC. 


Box 2071 + Madison 5, Wisconsin + Phone 35318 


the United States and Canada from which many 
of the recent major advances in pituitary-adrenal 
physiology and therapeutics have come, and in- 
cludes studies on the regulation of adrenal cortical 
activity, the role of the cortical hormones in pro- 
tein, carbohydrate, and mineral metabolism, and 
effects of the cortical steroids and the AC 

various disease states. A summary chapter on 
“Adrenolescence” by Dr. George Perera Reseesnee 


PARASITOLOGICAL 
PREPARATIONS 
e high quality—low priced. 


TROPICAL BIOLOGICALS @ P.O. Box 2227, 


San Juan, Puerto Rico. 


Write for catalog 


some of the possible future trends in this active 
field of endocrine research. 


6x9 inches, illustrated, clothbound, 


224 pages—$4.00 
Price to AAAS members for prepaid orders—$3.50 


Order from: 
AAAS, 1515 Mass. Ave., N.W., Washington 5, D. C. 


PITUITARY-ADRENAL 


$9.75 


POSTPAID 


Personal check or 
money order, please 


ORDER YOURS NOW! 


Science ¢ 1515 Massachusetts Ave., N.W., Washington 5, D.C. 


Keep your copies of SCIENCE 
always available for quick, easy 
reference with this all-purpose 


@ it’s PRACTICAL—+simply snap the magazine in with a 
strong flat wire, without cutting, punching, or 
mutilating. Snap it out just as easily .. . all in 
a matter of seconds. It opens FLAT—for easy 
reference and readability. Holds 26 issues. 


@ It’s ATTRACTIVE—in beautiful maroon buckram, 
stamped in gold leaf. A fine addition to your 


@ It's DURABLE—-+sturdily constructed to withstand much 
use—ideal for classroom, laboratory, and library. 


@ It's PERSONAL—-your name stamped on the cover for 
only 70¢ in addition to the regular price of $2.75 
—the year of issue will be included for 40¢ extra. 
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What General Electric People Are Saying... 


C. W. La PIERRE 


Mr. LaPierre is a Company vice president 
and is general manager of the 
Aircraft Gas Turbine Division 


. In 1952 the Aircraft Gas Turbine Division 
produced over 90° more engines than it did in 1951. 
And with this increase in production, the General 
Electric Company became the world’s largest known 
producer of jet engines. 

As the first American designer and manufacturer 
of jet engines, we at G.E. feel that the expanded 
need for jet aircraft has justified our pioneering in 
the field of jet power plants. 

In the commercial jet field, G.E. has two engines 
certified for commercial transports at the present 
time, the first certification being obtained in 1949. 
With this background, and the flight experience of 
thousands of jet engines now flying over Korea and 
elsewhere, there is no doubt in my mind but that an 
excellent, economical, American jet engine will be 
ready for commercial transports by the time the 
transports are ready to receive them. 

Cincinnati, Ohio 
F. KINNARD 


Mr. Kinnard, with GE since 1922, 
is manager of the Engineering, Meter, 
and Instrument Department. 


**_.. Sometimes developments occur in time-tested 


and proved products, where they are least expected. 
Over the past half century G.E. has produced many 
millions of watthour meters. They have undergone a 
gradual evolution and refinement so that many con- 
sidered this a barren field indeed for the development 
engineer. Yet, as recently as 1948, a completely new 
watthour meter was developed. It successfully em- 
ployed for the first time in the engineering world the 
principle of magnetic suspension of a rotating part. 
The maintenance-free life of the meter was increased 
many-fold by this development—a development that 
was the product of close collaboration of development 
engineers and materials specialists, particularly 
metallurgists working on new permanent magnet 
alloys. 

An important part of the development engineer’s 
job is to take that believed to be possible and prove 
it practical. And in doing this job, he contributes 
significantly to the evolution of new and better prod- 


ucts for a constantly rising standard of living. And 
whether he realizes it or not, he is one of the vital 
links in our American economy. His developments are 
helping to win acceptance throughout the world for 
the kind of system that brings them forth. 

General Electric Review 


J. E. BURKE 


Dr. Burke is manager of the 
Metallurgy Section of the 
Knolls Atomic Power Laboratory 


**_.. Since vanadium appeared to be a possible ma- 


terial for use in nuclear reactors, a program to investi- 
gate its properties was undertaken several years ago. 
Although nominally pure vanadium had been avail- 
able for a number of years, it was brittle and could 
not be fabricated. Some ductile vanadium had been 
prepared by calcium reduction of the oxide, but only 
beads and small pellets were produced. In improv- 
ing this product, additions of iodine were made to 
the mixture of V2O; and calcium. Upon heating this 
charge in a closed pressure vessel, the additional 
heat provided by the combination of iodine and 
calcium raised the temperature enough so that a 
large ductile button of vanadium was obtained. Un- 
fortunately, subsequent runs yielded buttons that 
were brittle. After extensive investigation it was 
finally found that the brittleness was due to nitride 
in the oxide, and the final procedure used involved a 
careful denitriding of the vanadium oxide by heating 
in moist oxygen for several hours. The product as 
now produced can be rolled into thin foil, drawn to 
wire, or given any of the standard metallurgical 
treatments except hot working. Because it avidly 
absorbs oxygen to become brittle, it can not be 
heated in air. 

As in other fields, improvements in materials are 
imperative if important advances in reactors are to 
be made. These require continuing work not only 
directly in the development of better materials but 
also on the fundamental studies that pave the way 
for the applied developments. 

General Electric Review 
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EASY 10 LEAR 
SIMPLE 
MANIPULATE 


an 0 SPENCER 


Laboratory Microscope 
of HIGH PRECISION 


at LOW COST 


The AO No. 78 Microscope, a new idea in preci- 
sion instruments, offers numerous advantages. 


Anyone can operate it with a few minutes 
instruction. 
A single dual-purpose control offers quick, 


accurate focusing. 


The instrument is compact, lightweight, and 
easily portable. 

The factory-focused built-in light source elim- 
inates time-consuming and frequently faulty 
substage adjustments. 

Reversed arm position gives clearer view of 
specimen, stage, objectives, and diaphragm 
openings. 

Low overall height increases comfort in op- 


eration. 


Locked-in parts prevent loss, mishandling, and 
excessive maintenance costs. 

“Spring-loaded” focusing mechanism prevents 
slide breakage. 


Magnifications available from 17.5X to 430X. 


The AO No. 78 Microscope 
utilizes the same high quality 
optics and precision-built mech- 
anical parts that have won world 
recognition for higher priced 
AO Spencer Microscopes. If you 
have not already studied its 
time and money-saving advan- 
tages, see your AO distributor 
or write Dept. R-1. 


American Optical 


INSTRUMENT DIVISION 
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